936214

Summit National Site —— Mw-1i1l

TIME WATER LEVEL DRAWDOWN HoHG

( seconds > « feet ) (Teet)
1.8 2 3. 00 1
1.998 2.49 2.4% .8300001
i 2.6% 2.63 . 876666¢
3.99¢ 2.47 2.47 . 8232334
4,99¢ 1.3¢ 1.3¢ . 46323234
S 1.97 1.97 . 6566667
6.9%¢ .92 e.92 « 3065667
7.998 .71 2.71 . 2366667
o .52 .53 . 1766667
9,996 .4 2.40 . 1333333
1e.99¢ 32 0.32 « 1866667
12 .26 9.26 8.666667E-02
12.99¢ .22 8.22 7. 332334E-02
13.998 .19 .19 6.333333E-02
1% .1€ 8.18 6.0000Q1E~B82
15.998 .17 .17 5.666667E-02
16.99& .1é .16 S.333334E-02
18 .16 9.16 5.333334E-92
'18. 99¢ .15 .15 $.000001E-0Z
19.998 .15 20.135 $5.9000901E-82
25.00z2 .13 .13 4.333234E-02
30 .12 .12 .04
34.99¢ .11 2.11 3.666667E-BZ
49,002 .11 20.11 3.866667E-22
4% -1 @.1@ 3. 2333I34E-6Z

UNCONF INED RQUIFER

K 9.3E-02 cm-sec
67.9 gpd-ft2

3. 1E-03 ft-/sec
9.1 Ttrday

REGRESSION COEFFICIENT = -~.81352988



I

15

X ARIS:
TINE, nin

Y AXIS:
10G (1/H)

EXAMINE PLOT,
STRIKE ANY KEY WHEN RERDY.

29y TT-—-Mid

T

(



N~

/60 S.S
1880 3.48
1200 3.4¢
1320 3.45
1440 S.43
1560 3.41
1680 S.4
1890 3.38
1926 J.3%
2040 3.34
216@ 3.32
2280 3.31
2400 2.3
2520 2.28
2640 3.2¢6
2769 3.2%
28882 3.23
3000 3.22
120 3.2
3240 3.19
3360 3.17
3480 3.15
3686 3.12
3720 3.12
3840 z.
3950 3.99
49560 3.ev
42009 3.06

e ® 2 ® 4 & 4
o ™ K

.
(L]

L)
() N w [A) [A) P adado
RANORER2BRRE8245620 8

WWWwwwwowewwwwewe
s g © 4 ® 4 = .
[ g

WWeWwe

3.19
3.17
3.1S5
3.13
3.12
3.1e
3.09
3.7
3.06

. 9615384
. 2550439
. 9554594
. 2478222
« 9423077
. 9363132
. 9340659
. 9285714
. 92032%¢.

« 89560644
» 8928571
- 887362¢
. 8846154
. 8791209
. 8783736
. 8788791
. 8633846
. 859890z
. 8571428
. 85164E%
. 8439811
« 843406¢
. 3406593

CONFINED RQUIFER, FULLY PENETRATING CONDITION

K B.6E-2TF cm-sec
3.1 gpd-Ttt2
B.2E-2s ft-sec

4.2 Tt-day

REGRESSION COEFFICIENT = -.9996982

M~ 1 &

(cer®t.)
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34.9938

40,002

139.998
115.002
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21e
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3@
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420
456
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S546
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849
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HoHE

. 989011

. 9862637
« 9862637
. 9835164
. 9835164
« 9807692
. 9807692
. 976022

. 978022

. 9723274
. 9670329
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X AXIS: ,
TIME, nin

Y AXIS.
L0G (H/H8)

EXAMINE PLOT

STRIKE ANY KEY WHEN READY.
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Summit Natiomnal Site =—- MW-13]

TIME WATER LEVEL DRAWDOWN . HE
L geconds Y ( feet)d < faet D
€, 995 S.€1 3.61 1
T.998 3.6 3.60 . 99723
< S.& 3.60 -1 Fgcéc
S, 996 3.61 3.61 1
19,992 3.61 3.61 1
12 3.61 3.61 1
12.995 3.51 3.61 1
13.998 3.51 3.61 1
1S5 3.61 3.61 1
15.996 3.61 3.61 1
16,992 3.61 .61 1
18 3.61 3.61 1
18,996 3.61 3.61 1
19,998 3.61 3.61 1
2%.922 3.61 3.61 1
3 3.61 3.61 1
34,998 3.61 3.61 1
49,902 3.61 3.61 1
43 3.61 3.61 1
49,9938 3.61 3.61 1
S5.082 3.61 3.61 1
0 2.61 3.61 1
K4, 998 3.61 3.61 1
?0.902 3.61 3.61 1
g~} 3.61 3.61 1
Ta.992 3.61 3.61 1
84.996 3.61 3.61 1
99 3.61 3.61 1
S4,992 3.581 3.61 1
109,002 S.61 3.61 1
1% 3.61 3.61 1
129,998 3.81 3.61 1
115.082 Z.61 3.61 1
128 3.61 3.61 1
150 3.61 3.61 1
180 3.81 3.61 1
210 .61 3.81 1
240 3.61 3.61 1
278 3.861 3.61 1
309 3.61 3.61 1
330 3.61 3.61 1
368 3.61 2.61 1
390 3.61 3.61 1
420 3.81 3.61 1
450 3.6 3.60 . 99723
480 3.6 3.6 . 99723
S19 3.6 3.69 . 99723
sS40 3.6 3.60 . 99723
ST 3.6 3.60 . 99723
€00 3.6 3.60 . 98722
720 3.6 3.60 . P9723



4@
|60
108e
1200
1220
1449
1S60
163¢
1800
1920
2040
21e2
2286
2408
252e
2649
2766
2880
3080
3120
32406
3350
348a
35600
3720

3.€ .60
3.6 3.60
3.6 .60
3.6 3.60
3.6 3.60
3.6 3.62
3.6 3.60
3.6 3.60
3.6 3.60
3.6 3.60
S.6 3.60
3.6 3.68
26 S.€0
3.59 3.5¢
3.5% 3.59
3.6 3.60
3.5¢9 3.5%
3.959 3.59
3.59 3.59
3.59 3.59
3.6 3.6@
3.58 3.58
2.57 3.57
3.52 3.59
2.6 S.68

. 99722
. 9972
« 9944598
. 994459¢
« 99723
.« 994459¢&
« 9944398
« 9544359¢€
. 9944598
« 98723
. 9916398
. 9829197
. 99443598
« Q9723

CONFINED RQUIFER, FULLY PENETRATING CONDITION

K

0.9

9.6E-83
0.2

REGRESSION

6.26-0€ cm-sec

gpd- T2
T+t sec
*t-day

COEFFICIENT = —-_.8421028

Mw-13

(con’t.)



{, 0 SEEEEEOCOC0000000000000000000000
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X AXIS:
TIME, nin

Y AXIS;
10G (W/he)

INE PLOT,

STRIKE ANY KEY WHEN READY,

S1-mMa.

23)
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Summit National Site =-- MuW-14

—— -

TIME WRTER LEVEL DRAWDOWN M. HG
(seconds> { feet ) ( teet)
60 3.21 2.21 . 8492064
64,993 3.1¢ 3.19 . 9439154
7e.602 3.17 2.17 . B38624%
ra-] 3.16 3.16 . 8359789
79.998 3.13 . 3.13 . 828@42S
84,995 3.12 3.12 . 8283968
90 3.1 3.10 . 8201059
94,998 3.08 3.08 .8148149
100.0802 3.6 3.0¢6 . BA9523¢E
185 3.05 3.05 . 8068783
18<.99¢ 3.03 2.2 . 801973
11S.002 3.02 3.02 . 7989418 .
120 3 3.00 . 793650¢E
150 2.93 2.93 7751323
1ee 2.8¢6 2.8¢€ . 7966138
2109 2.8 2.80 . 7407408
240 2.74 2.74 . 7248€7E:
270 2.69 2.69 « 7116403
300 2.64 2.64 .695412¢
330 2.6 2.60 . 6378307
360 2.5% 2.55 . 6746032
390 2.51 2.51 .6640212
42¢ 2.4€ 2.48 . 6560847
45@ 2.45 2.435 . 6481482
480 2.42 2.42 . 6402117
510 2.4 2.40 « 6349207
540 2.38 2.38 « 6296297
S7e 2.36 2.36 . 6243386
€00 2.34 2.34 . 6196476

CONF INED RQUIFER,

K = 9,5E-04 cm-/sec
2

- 1.2 gpdrft
= 9.2E-95 fTt-sec
= 8.2 Tt-cay

FULLY PENETRATING CONDITION

REGRESSION COEFFICIENT = -,9867073



Mw—-14 (cor’t.)
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K = @.1E-33

= 2.3
= 3.4E-@5
= 9.3

UNCONF INED AGQUIFEFR

cm-sec
gpd/ 2
ft/sec
*t/day

REGRESSION COEFFICIENT = —-.9965199

Zumniit Natiomal Si1te —— MW-1S

TIME WATER LEUVEL DRAWDOWN HoHE

+ Seconds (*eet ) ( feet
€0 1.8¢& 1.88 . 35893417
64,993 1.835 1.385 . ST9R3T3
Te.002 1.82 1.82 E70%33
e} 1.79 1.79 . 56112838
79.99¢ 1.7¢ 1.76é .S517241
84,996 1.74 1.74 . 5454545
Qa 1.71 1.71 . 5260582
Qq, 993 1.69 1.69 . 5297806
100.0802 1.6¢€ 1.6¢& . 5203762
135S 1.64 1.54 .5141866
199, 998 1.8z 1.62 . S507e37
11%5.0082 1.6 1.60 . 9015675
1206 1.57 1.57 4921862
150 1.47 1.47 . 4508151
18@ 1.37 1.37 « 4294671
219 1.29 1.29 . 4243887
248 1.2z 1.22 . 3824451
a2ve 1.13 1.13 . 354232
3w 1.8% 1.5 . 3291353¢
33¢@ .98 @.9¢ . 30721
36 .9z 9.92 . 2884013
3%2 .86 9.86 . 2695225
420 .E1 2.81 . 235291eS
4353 .76 0.76 . 2382445
486 .72 e.r2 . 2257054
Sie .53 9.63 -2131662
S46 .64 @, 64 . 20Q52T
STe .61 2.51 . 1912225
€06 « SE 0.5& .1818182
T29 47T 0.47 . 1473354
846 . 39 @.32% . 1222571
60 .32 0.32 . 1983135



1.0

]
00
ol + O
.su .ﬁ 000
®)
ooooo
000000
00
.Q— | | | |
1 ! _ T
w4 162 20 .8 48,6

X AXIS: .
TIME, win

¥ AKIS.
L0G (H/H8)

EXRINE PLOT,
STRIKE ANY KEY WHEN READY.

ST-MW

(°34493)



Summit Natiormal Site —-= MU-16

TIME
* seconas

3e
34,998
40.002
45
49,998
SS. 02
&R
s4,99¢
79.002
g
ve.998
e4.99¢
20
S4.99¢

198.082

1e5

109.938
115. 0882

129
15e
ig8e
21¢
249
270
300
3306
350
3506
420
456
4380
Sie
S48
Sve
500
vea

WRTER LEVEL DRAWDOULIN
( feet (feeor )
4,63 4,62
4.61 4,61
4,61 4,61
4.61 4.61
4.61 4.61
4.61 4.61
4.61 4.€61
4.61 4.61
4,61 4.61
4.61 4.61
4.61 4.61
4,62 4.62
4.61 4.61
4.51 4.61
4.61 4.61
4.61 4.61
4,61 4,61
4.62 4,62
4.62 4.62
4.62 4.62
4,62 4.€2
4,62 4,62
4.62 4,62
4.62 4.52
4,62 4.62
4,62 4.62
4,62 4,62
4.862 4.62
4.62 4.62
+.62 4.62
4.62 4.62
4,62 4.62
4.61 4.61
4.52 4.62
4.6Z 4,62
4,562 4,62
4.61 4.61
4.61 4.61
4.61 4,61
4.6 4.60
4.6 4,60
4.6 4,58
4.6 4,60
4.6 4.6
4,59 4,59
4.%59 4.35¢
4,5¢ 4,59
4,58 4,58
4.5¢& 4,358
4,58 4,58
4,38 4,58
4.58 4,58
4,.%57 4,57

- ——— ———

« 9956803
. 9956803
« 9956€03
« 99%568Q%
« 995803
« 9935680
« 9956803
. 995¢80z
. 9972401
. 995630%
« 9956803
« 9956863
« 9956803
« 9956803
. 9978401
-« 9978401
. 9978401
« 9978401
. 9978401
. 99784081
« 2978401
. 9978461
. 9973401
. 9978401
. 9978401
. 9978401
. 9973401
. 99784081
. 9978401
. 995680z
. 9973401
< 9978401

. 99335205
. 9933z0%
. 9935205
« 993520%
« 99335205
«991360&
. 9913608
. 991360¢
« 98920093
. 9892008
. 9892008
. 989200e¢
. 9892008
. 9870411




MW~1E (car't.)

ga 4.5s 4.56 «9843812
se 4.56 4,58 . 9848812
1039 4.55 4,358 . 9827214
1200 4.35% 4,.5% .9e27214
1329 4,354 4,54 . 9805616
14306 4.53 4.53 «978401¢&
1553 4.52 4.52 . 9762413
16&8a 4,52 4,352 . 9762419
1800 4.51 4.51 . 9740821
1926 4.51 4.351 . 9740821
29o4a8 4.5 4.950 9719222
2168 4.49 4.49 « 9697624
2280 4.49 4.49 . 9697624
2400 4.48 4.48 - 9676082¢
2sSze 4.43 4.48 « 9676026
2640 4.47 4.47 e 964427
2760 4.47 4.47 « 9654427
2880 4.4% 4.46 . 9632829
3009 4,45 4.45 «9611231
2120 4,45 4.4% «9%11231
3240 4,44 4.44 » 9589632

CONFINED RQUIFER, FULLY PENETRATING CONDITION

2.6E—Q5 cm-/sec
8.0 gpad-rL2

Q. 2E-97 +t-/sec
2.8 Tt-dav

REGRESSION COEFFICIENT = -,993%954
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<
-
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EEmERO000000000000000000000

X AXIS.
TIME, nin

Y AXIS.
L0G (H/HQ)

EXAINE PLOT,
STRIKE ANY KEY WHEN READY.

D) 3T-MW

(°3 ¢4



Summit Natiornal Site =~ MW=17?7

TIME . WATER LEVEL DRAWDOWN

/M@
L g@sonds > ( feet > Cfeet )

36 2.11 2.11 . 93362862
34,998 2.09 2.09 . 2247787
40,002 2.08 2.8 . 9202%53%
45 2.00 2.06 . 9115943
49, 99¢ 2.04 2.04 . 9026%4¢
$5.002 2.02 2.082 . 8938033
50 2 2.00 . 884955
4,998 1.98 1.98 . 8751062
76.00z 1.9¢€ 1.96 «8672%6¢
S 1.95 1.9% .38628318
TS, 998 1,93 1.93 . 8529822
84,99 1.91 1.91 . 2451327
o 1.9 1.9 . 840707
94,998 1.89 1.89 . 83623831
100, 602 1.87 1.87 . 8274336
1S 1.86 1.86 . 8230089
1089, 9%¢ 1.895 1.85 .818%5841
115.0802 1.83 1.83 . 8097345
126 1.82 1.82 . 8053097
150 1.79 1.73 . 7743363
186 1.69 1.69 « 747776
219 1.63 1.63 . 721239
2406 1.5¢& 1.58 . 6991151
270 1.52 1.52 « 6723664
300 1.42 1.48 - EB48E73
330 1.43 1.43 .6327433
360 1.39 1.3¢9 . 6150442
2¢9 1.35 1.35 . 5973451
420 1.3 1.31 « 579646
4%0 1.28 1.28 « 56863717
486 1.24 1.24 « 5486726
510 1.23 1.28 . 5442478
S4 1.18 1.18 . 5221239
S70 1.1S 1.18 . 5088495
600 1.12 1.12 . 4958732
729 1.02 1.82 .4513274
640 .88 0. 8¢ . 389380%
968 .76 0.76 . 3362832
1280 .67 8.67 - 2964602
1200 + 39 0.359 . 2610619
1320 « 33 .52 » 2343133
14402 « 47 0.47 « 2079646
156e .42 a.42 . 1858467
1680 .37 .37 . 1637168
1800 .32 e.33 . 1460177
192e .29 0.22 . 1282186
2040 .26 @.26 .« 1150442

~



<ls0
c280@
2420
2520
2640
2760
<880
300ee
3120

324e
3369
3480
3689

23
.2
.18
.16
.14
.12
.11
.1

9.900801E-32

.0V
.95
. 06
-05

UNCONF INED RQUIFER

K

@.6E~P4 cm-sec

1.2 gpdrrt2

2.2£-85 ft-sec
0.2 ft-rday

REGRESSION COEFFICIENT = -, 9997093

1017699

8.849558E~-02
7.964602E-D2
T.879646E-Q2
- 0619459

S.3@9734E-02
4,36725VE~-Q2
4,424779E-02

3.982301E-02
3. @87I4SE-Q2
2.6548647E-B2
2.654887E-Q2
2.212389E-02

Mw—17

(con't.)



MW—=17 (con’t.)
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K =

cn/sec

= 1.7 gpe/frz
= 0. 3Z-08 ft/eec
= C.2 fisday

RESRESSION COEFFICIENT =

. 422738
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1O
'%000000%00000000000 X AXIS.

0l

1LIST

TINE, min

Y AXIS.
LOG (H/H@)

EXAMINE PLOT,
STRIKE ANY KEY NHEN READY,

I | | | |

I
46 139 21 B3 4L6

2RNe  3LOAD" 4SAVE" 5CONT¢ 6,"LPT1 7TRON¢ BTROFFe 9KEY  @SCREEN

4032y T ~-Min

‘3



—

corncs)

oy U o

-

18. 336
13,338

22, QOZ
)
Za, 334
40, O0Z
45
43,2798
=9, 0az
=i
— w958
T 0O0E
A=
73. 338
>4, 36

20

34, 336
100, QOZ
10g
109.998
115, 002
12Q

LN ZANF INED

28

R=Z3RESSICON COEFFICIENT

= 12.3

]

= Q.6E-0Z

-

0. 2E-04

1.8

WATER

-=VEL

(*zet)

LSS (R O I & [ UL I 4 « B

fon Ty Foe Ao o 1 (4
mae Mg~

e o SN T R TN

AQUIFER

cm/sec
gpd/ft&
ft/sec
ft/day

KW s s Uuaam

fe 0 T

-l dE-dom~NOoWm oo

L)~ -

[ LN

+ONY

DRAWDOWN
(feet)

Z.LE
Z. 88
.75
Z. 62
e S0
=. 328
226
2. 1%
. Q6
1.37

D, =3
Q. SO
Q.
e,

-. 3713761
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fo 10 @ e N Q) M2 <} v

w
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nog
XX
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e . =

G v @
fio (N oo 4 4= 4+

C
$
r
iy
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334328
SEE4557
S411232
S18387:
438385
4778481
462C0zS3

448 20ES

Slliiss
=843101
2ecei8s
S4ZS709
SZ4s5Ze
Z88zig
13&02e
1eCzZ738
LETTFLILE
LSEEZTS
19873542
L4240T:
13807S%
1zeZa8e3

1':4-' “« T
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117088¢&
1132324
1075343




A\

{i

1% Natinal

Site —--

- N
="

WATER LEVEL

{geconds) (feet)
.Z.338 L. 41
29,002 1.21
= L. 08
4. 398 .28
4, QO . .3
5 .83
42,338 .77
TS, 00z .7

=1 Y

=4, 338 «&1
70. 00 .S7
73 .33
73.338 .S

34. 396
30 . 45
S54.298 . 43
100, 002 <4

105 .39
103,938 27
115,002 . S

e RO

SNIINFINED QGQUIFER

.SE-O3 cm/sec

= 9.8 gpd/sfte

= 0, 2E-0G4 ftriseo

= 1.5 ft/day
SEZRESSION ZOEFFICIENT =

M~

e e o o —

13

DRAWDOWN
(feet)

Q.30
.83
0,77
0. 71
Q.88
0. 61
0.57
0.53
0. S0
0.47
0.4
0. 43
Q.40
0. 39
0., 37
0. 36
e 34

-.98873&7

BHLESOES
.3823114
341772
.3101EEE
. 2346102
. 2eEESAE
L 243670
ZE4E03E
L EUS8E08

. 1803798
. 1677215
. 138&z79
. 1487242
1423051
. 1360739
. 1283823
. 1834177
.117088¢€
1133z4L

L1CTES4T

MW-19

(corn't.)
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1.6 4.8 8.0 11.2 144

ILIST  2RUNe  3LOAD" 4SAVE" 5CONT¢ 6,"LPTL 7TRON¢ 8TROFFe¢ 9KEY

TIME, nin

AXIS,
LOG (H/H®)

STRIKE ANY KEY WHEN READY.

@SCREEN

23 EI—MA

(*3 4




e WARTER LEVEL DRAWDOWN (AT

.zecorcs) ' feet) (feet)
40, QO 4, 4 4, 40 M
45 4. 4 4. 40 1
49,9398 4. 4 4, 40 1
3. 002 4,3 4.39 . 3377E7E
6Q 4. 33 4,39 . 3977272
€a4.3938 4,39 4,39 . IITTETE
70, 002 4,329 4, 39 . 337727
7S 4,323 4. 39 . IFT77272
75. 338 4,3 4. 39 . 32377272
84. 336 4. 39 4,39 . 3I377272
30 4,39 4,33 .33877272
34, 3398 4,39 4,39 LIABTTIETE
100, 002 4, 3 4,39 . IBVTIETE
108 4,38 4, 38 « 3954546
109, 998 4. 38 4. 38 . 3954546
118, 002 4,38 4, 38 . 33954346
120 4,3 4,38 . 39854546
13S0 4,38 4,38 . 3954846
180 4, 37 4,37 .399321818
210 4,36 4,36 . 3909031
240 4,36 4, 36 . 3309091
270 4,36 4,36 309031
3Q0 4,35 4,35 «3886363
330 4,335 4,35 . I8BE6ZES
360 4,34 4,34 . 3863637
320 4. 34 4., 34 . 3863637
420 4,33 4.33 . 3840303
450 4,33 4,33 . 840909
480 4,33 4,33 . 3840903
10 L, 22 4, 32 .38:18182
S40 4,32 4, 32 .381818¢2
S70 4,31 4,31 . 37554855
€00 4, 31 4,31 . 3738455
720 4,29 4,29 «37%
840 4,28 4,28 «A7ET7E7 4
560 4,26 4,26 . 968:819
1080 4,25 4,238 . 3659031
1200 b, 23 4,23 . 9613637
1320 4,22 4,22 . 3890303
1440 4,21 4.21 . 3868182
1560 4,19 4,19 . 95e2727
1680 4,18 4,18 . 3439999
1800 4,17 4,17 . 9477272
1920 4,15 4.15 .7431818
2040 4.14% 4.14% . 3403909
180 4.13 4,13 . 3386364
2280 4,11 4,11 « 3340309

2400 4.1 4,10 .3318182



SSE0
SE4)
2760
2880
RASININ
S LE0
2240
2360
3480
SE0O0
3720
S840
3360
480

CONFINED RGUIFER,

« = 0,3

0.3

=-08
Q. 2
E-0Q&
0,0

cm/ssec
gpa/f¢
ft/sec
ft/day

4,03
4, 08
4,07
4,05
4, 04
4,03
4,02
&4

3.99
3. 38
3. 37
3. 36
3.3S
3. 94

4.09
4,08
4,07
4,08
4, 04
4,03
4, 02
4, Q0
3. 33
3. 398
3. 37
3. 26
3. 3%
3. 3%

. 32954ES
. 9272727
. FI2S0001L
. FE0LE4E
.318181.8
.3153032
. 3136264
« 9030303
. 3068181
. F0O4T45S
. 022728
.3

. 8377273
. 8354545

FULLY PENETRATING CONDITION

=
A

I=ZBRESSION COEFFICIENT

-. 39381674

YiWN-ZU

(can

3 -

"}



1, 0 RO OO 000000000000

05 ¢

01

X AXIS. _
TINE, nin

Y AXIS.
LOG (H/H@)

EXAMINE PLOT,
STRIKE ANY KEY WHEN READY.

©2) HT-MW

*3 oM



S.vmIT NATIONAL SITE —-- MW-21

S D e > — — T —— — O T —— T . AL —— — "~ — — — —— T T~ ——— — T — T ————— —

TImE WATER LEVEL DRAWDOWN H/HO
(seconds) (feet) (feet)
30 3. 61 3.61 i
34,338 3.61 3. 61 1
40, 002 3.61 3.61 b
43 . 3. 61 3. 61 1
43,338 3.61 3. 61 1
S5, 002 3. 61 3.61 1
80 ’ 3.61 3.61 1
4. 29398 3.61 3. 61 1
70. 002 3.61 3. 61 1
75 3. 61 3. 61 1
79.298 3. 61 3. 61 1
84. 336 3.61 . 61 1
30 3.61 3. 61 1
94, 3398 3. 61 <. 61 1
100, 002 3.61 3.61 1
108 3. 61 3. 61 1
109, 398 3.61 3.61 1
115,002 3. 61 3. 61 1
120 3. 61 3.61 1
150 3.61 3. 61 1
180 3.61 3.61 1
210 3.61 3.61 i
240 3. 61 3. 61 i
=70 3.61 3.61 1
300 3. 61 3.61 1
330 3. 61 .61 1
3E0 3.61 S.61 1
330 3.61 3. 61 1
420 2. 61 3.61 1
450 3.61 3. 61 1
480 3. 61 3.861 1
S10 3.61 .61 1
S40 3. 61 3.61 1
S70 3. 61 3.61 1
600 3.61 3. 61 1
720 2. 61 3. 61 1
840 3.61 3.61 1
360 3.61 3. 61 1
1080 3. 61 3.61 1
1200 3. 61 3. 61 1
1320 3. 61 3.61 1
1440 3. 61 3.61 1
1560 3. 61 3. 61 1
1680 3.61 3. 61 1
1800 3. 61 3.61 1
1920 3. 61 3.61 1
2040 3.61 3. 61 1
160 3. 61 3.61 1



3000
312
3240
336Q
2480
3600

CONFINED RQUIFER,

3

0. 2E-Q7

0.0

0. 38-03

0.0

cm/sec
gpd/ ft
ft/sec
ft/day

3.61
3. 61
3. 61
3.6
3.61
3.61
3.61
3. 61
3.61

3.61.

3.61
3. 61

.61
3.61
3.61
3. 60
3. 61
3.51
3.61
3. 61
3.61
3.61
3.61
3.61

PARTIALLY RPENETRATING CONDITION

=

REGRESSION COEFFICIENT = ~, 1880114



{, ( SERIEIRNOCOCO000000000200000000C00

l5 T

01

X AXIS. _
TIME, min

AXIS.
LOG (H/h@)

EXAMINE PLOT,
STRIKE ANY KEY WHEN READY.

N
e -
[~ QU

1M

(°3 "4\':‘:)




-ive WATZR LEVEL CRAWDIWN H /RO

.eecorcs) (feet) (feet)
9.93€ 3. 66 3.66 . 3972732
10, 398 3. 66 3. 66 . 9372752
b 2. 66 3. E6 . 3272732
12. 3936 3. 68 3. 66 3372752
13. 998 3.67 ’ 3. &7 1
13 3.67 3.67 b
i5. 396 3.67 3. 67 i
16. 298 3.67 3.67 1
18 3.67 3.67 1
18. 396 3. 67 3.67 1
139.238 .67 3.67 i
25, 002 3.67 3. 67 1
30 3.67 3. 67 1
34,298 3. 867 3. 67 1
40, Q02 3.67 3.67 1
45 3.66 3.686 . 33972752
43,398 3. 66 3. 66 . 9972875
3. 002 3. 66 3. 66 . IF72782
€0 3. 66 3. 66 . 2972752
64,938 3. 66 3. 66 . 9972752
70, Q02 3. 66 3.66 . 39727352
73 3. 66 3. 66 . IB72752
73.3258 3. 66 3. 66 . 3372732
84, 3996 3. 66 3. 66 . 227278
30 3. 66 3. 66 . 397272
9S4, 338 3. 66 3. €6 . 3372752
100, QO2 .66 3. 66 . 3372782
108 3. 686 3. 66 9372732
103, 338 3. 66 3. 66 3972752
115,002 3. 66 3. 66 «II7E7S2
120 3. 66 3.66 . 337278
1350 3. 66 3. 66 37275
180 3. 66 3. 66 . 3372782
210 3.66 3. 66 . 3372752
240 3. 66 3. 66 . IA3727S2
270 3.63 3. 635 . 3345504
300 3.63 3. 635 . 3345504
330 3.65 3. 63 « 394853504
360 : 3. 63 3.65 . 9345504
330 3.65 3. 65 . 9945504
420 3.65 3.65 . 3245504
450 3.69 3. 63 . 3945504
480 3. 685 3. 68 « 3345T04
510 3.65 3. 65 « 39485504
540 3. 63 3. 65 . 39245504
S70 3.65 3.68 « 3945504
600 3. 64 3. 64 . 33918256

720 3. 64 3. 64 . 3918256



840

960

1080
1200
L3S0
1440
1560
1860
1800
1920
S04&0
=160
2280
2400
2920
2640
27&0

CONFINED AQUIFER,

fa

0. 3E-05

OII

0. 1E-06

Q.0

cm/sec
gpd/ft
ft/sec
ft/day

3. 64
3.63
3.63

3.63

G )
aonoho o
[} [

4]
(]

(RGN
Nom

(ONONNE AN
wm w
~ h

=1

3. 64
3.63
3.E3
3. 63
3. &

3. 61

"3.60

3. 80
3. 60
3.53
3.53
3. 59
3. 58
3.58
3.57
3.57
3. 56

33182S6
3831003
. 3831003
28351003
. FBEITES
. 3838512
9803264
380364
. 3BO3zE4
9782016
3782016
3782016
.3754763
. 375479
. I72735&1
. 3727521

. 37Que7E

FULLY PENETRATING CONDITION

2

REGRESSION COEFFICIENT = ~,3914401



| N“S

TAANINE
STRIK

TINE, nin

y ARIS:
106 (W)

pLOT,
E AN KEY WHEN READY.

oo -t

o)



)

GMMIT NATIONAL SITE ~= mMW-23

T Iyg WATZR LEVEL DRAWDOWN /)

=econds) (feet) (feet)
€. 336 3. 68 3. 85 1
7.9398 3. 695 3. 65 1
3 3. 64 3. 64 . 9972603
3. 936 3. E4 3. 64 . 9972603
10.338 3. €4 3. 64 . 3372E03
i3 3. 64 3. 64 . II7ZEOQOS
12,9336 3. 64 3.64 . 9972603
13.738 3. 64 3. 64 . I372603
15 3. 64 3. 64 . I972E03
15. 996 3. E4 3. 64 . 972603
1€. 398 .64 3.64 . 9972E03
18 Z. 64 3. 64 . FI72E03
18,336 3. 64 3. b4 « 9972603
13, 998 3.64 3. 64 . 9972E03
25. 002 3. 64 3. 64 . 3972603
30 3.64 3. 64 . 3372603
34,338 3. 64 3. 64 « 3372603
40, Q02 3. 64 3.64 « 3372603
4S 3. 64 3. 64 . 3972603
43, 998 3. E4 3. 64 . 33972603
55. 002 3. 64 3. 64 . A972E0S
60 3. 63 3. 63 . 33945207
64.328 3. 64 3. 64 . B972E03
7O, Q02 3. 64 3. 64 . 33F7ZEQS
7S 3. 64 3. 64 . 93972603
73,238 3. 63 3.63 3345207
84, 356 3. 623 3. 63 « 3948207
90 3. 63 3. 63 « 3545207
34, 396 3. &4 . 64 «PI7EEQS
100, 002 2. E3 3. 63 « 3545207
105 3. €3 3. 63 . 3545207
103,928 3.63 3. 63 « 3345207
118, Q0 3. 63 3.63 . 3345207
120 3.63 3. 63 « 3345207
120 3. 62 3. 62 . 3317808
180 3. E2 3. 62 . 9317808
210 3. 62 3. 62 . 3917808
240 3. 61 3. 61 «. 9830411
270 3.6 3. 60 . 9863014
300 3.6 3. BO . 7863014
330 3.59 3. 59 .38358616
360 Se 59 3. 39 . 2833616
330 3. 59 3. 59 . 9833€16
420 3.58 3. 58 « 3808213
430 3.6 3. 60 . 3663014
480 3.598 3. 58 . 98082173
S10 3. 358 3. 58 . 7808213

=40 3.57 3. 57 . 378082



MW=-23 (caon't.)

570 3.957 2. 57 . 37808
E0O0 3.56 3.56 . 3753425
720 3.583 3.53 .3E71&3e
&6 3.5 .5 «DELIBZE
SEQ 3.5 3. S0 . 3583041
1080 3. 48 3. 48 . 3834247
1200 3. 46 3. 46 . 9473452
1320 3. 45 3.45 « 452053
1440 3. 43 .43 . B3F72EL
1560 3. 41 3.41 «3Z424EE
1680 3. 39 3.33 . 9887671
1800 .37 2.37 . 9232876
1920 3. 36 3. 36 . 9205473
2040 3. 34 3. 34 . 9150684
2160 3.33 3.33 . 3123288
&zZ80 3.33 3.33 . 313388
2400 3.3 3. 30 . 304096
=320 2.27 3.27 . 8358304
SE4O 3. 28 3. 26 . 83931507
2760 3.24 3. 24 .8876712
z880 3.22 3.e2 . 8821918

ZONTINED ARQUIFER, FULLY PENETRATING CONDITION

< = 0,1E~-04 cm/sec
= 0.3 gnd/sft2
= (), 4E-0g ft/sec
=

0.0 Ft/day

IZGRESSICN COEFFICIENT = -,3383186



|, ) SEEERET SO 00 000000000000000

51 § RIS
TIME, nin
¥ AXIS,
LOG (H/H@)
d 4
105 T‘
EXAMINE PLOT,
STRIKE ANY KEY WHEN READY.
01 | L l |
| | | |
8 144 4.0 3.6 4.2

22) €o-MW

"3 M



S.vYMIT NARTIONAL SITE -—- mMW-24

- — i ———— —— —— T ———— ——— —— — — ——— T ———— Y — — —— " — ————— — -

Tivz WATER LEVEL ORAWDOWN H/HO

ie2CTNCs) (feet) (feet)
=) 3. 67 3.67 :
6.996 3. 67 3. 67 2
7.338 3.67 3.67 i
3 3. 67 3.67 1
. 338 3. 67 2. 67 1
10,338 3. 67 3.67 1
18 3.67 - 2.67 1
1. 956 3.67 3. 67 1
13. 398 3.67 3. 67 1
13 3. 67 3.67 1
18.336 3. 67 3.67 1
16.398 3. 67 3. 67 1
18 3.67 3.67 1
18.9386 3. 67 3.67 1
13.998 3.67 3. 67 1
25. 002 3.67 3. 67 1
30 3.67 3.67 1
Z4.3998 3.67 3.67 1
40, 002 3.67 3. 67 1
45 3. 67 3. 67 1
493,338 3.67 3.67 1
55. 00 3. 66 3. 66 . 3372752
1=1") 3. 66 3. 66 . 337275
€4, 358 3.66 3. 66 . II72752
70,00 3. 66 3. &6 . 3972752
75 3.66 3. 66 . 3372752
73. 358 3. 66 3. 66 . 337752
84, 336 3.65 3.63 « 3345504
30 2. 65 2. 68 . 3345504
94, 338 3. 65 3. €5 . 3345504
SO0, 002 .69 3. €5 . 3345804
108 3.63 3. 65 . 3345504
109,328 3. 63 3.65 . 3345504
LS. Q02 2. 65 3. 65 « 3945504
120 .65 3.6%5 . 9345504
1350 3. 64 3. 64 . 3318256
180 3.63 3.63 . 3831003
210 3. 62 3. 62 . 98637373
24 3. 61 3. 61 . 38363512
270 3.61 3. 61 . 3836512
300 ) 3.6 3. 60 . 3809264
33 . 3.59 3.53 . 9782016
360 3.58 3.58 . 3754769
320 3. 58 3.58 . 37547693
420 3.57 3.57 . 3727521
450 3. 56 3. 56 . F700272
480 3.958 3.55 . 96732024

S10 3. 54 2. 24 . 3645777



*

X AKIS. ,
TIME, nin

AXIS,
LOG (H/HA)

~ EXAMINE PLOT,
STRIKE ANY KEY WHEN READY.

AZD) o T—MW

"3



SUMMIT NARTIONAL SITE -~ MW-25

TImE WATER LEVEL DRAWDOWN H/ MG

tseconds) (feet) (feet)
18 3.6 3. 60 1
18. 326 3.6 3. 60 1
19.3398 3.6 3.60 1
298, oz 3.6 3. 60 1
30 3.6 3.60 1
34,9398 3.6 3. 60 1
40, 00 3.6 3. 60 1
4 3.6 3. 60 1
493,998 3.6 3.60 1
S3. Q02 3.6 3. 60 1
60 3.6 3. 60 1
&4.338 3.6 3. 60 )
70. 002 3.6 3.60 1
75 ) 3.6 3. 60 1
79.998 3.6 3. 60 1
84,996 3.6 3. 60 1
90 3.59 3.59 . 397222
94, 998 3.53 3.59 . 3972322
100. 002 3.6 3. 60 1
105 3.6 3. 60 1
109.998 3.6 3. 60 1
115, 002 3.6 3. 60 1
1280 3. 89 3.53 . 3972822
150 3.6 3. 60 1
180 3.59 3.59 . 39722¢ce
210 3.5% 3.59 LA72E2E
240 3.59 3.59 .9337c2e2
270 3.59 3.59 L I3722ES
300 3.58 3. 58 . 9344444
330 3.58 3. 58 . 3944444
3eQ 3.58 3.58 . 33448444
330 3.58 3.58 . 9944444
420 2.58 3. 58 . 3944444
430 3.58 3. 58 « 3944444
489 3.57 3.57 . 9916666
S10 3.57 3.57 . 9916666
S40 3.57 3.57 . 93916666
S70 3.57 3.57 . 9916666
600 3.57 3.57 . 9916666
720 3.58 3.58 . 9944444
840 3. 58 3.58 . 3944444
€0 3.55% 3.55 9861111
1080 3. 56 3.56 . 3888883
1200 3.55 3. 53 .96861111
1320 3. 54 3. 54 . 9833333
1440 Se T4 3. 54 . 93833333
1560 3.5%5 3.55 .3861111

1680 3.55 3.55 .9861111



MW-25 (con't,.

1800 3. 54 3.54 = ,98332333
1320 3.53 3.53 . 2380S55S
S040 3.33 3.53 . 380EEES
S16Q 3.53 .53 . 2805S3TSS
22840 S. 52 3.52 .3777778
2400 3. 52 3. 52 .9777778
£5e0 3.52 3.52 .3777778
2640 3.51 3.51 .37%

2760 3.%1 3.51 . 375

2880 3.51 3.51 . 378

2000 3.9 2. 350 . 372zez2
3120 3.5 3. 50 CIT7EZEES
3240 3.5 3. 80 . I7z2z2E2

CONFINED RRUIFER, NEARLY FULL PENETRATION WITH EQUATION FOR FULL PENETRATICN

0. SE-QS cm/sec
0.1 gpd/sfte
0. 1E~06 ft/sec
.0 ft/day

IEGRESSION COEFFICIENT = -, 9827466
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T Imz WATZR LEVEL DRAWDOWN H/HG

(=eccnds) (feet) (Feet)
€. 336 3. 41 3. 61 1
7.398 3.35 3.38 . 38240486
3 3. 38 3.36 . 388337
3. 3736 3.328 3. 38 . 3912024
10,998 3. 36 3. 36 . 3853237
12 3.37 3. 37 . 9882637
12,9396 3. 37 3. 37 . 9882637
13.938 3.37 3.37 . 3882637
1S 3. 33 3. 33 . 9765336
15. 936 3.33 3. 33 . 3765396
16,3398 3. 35 3.3S « 3824046
18 3. 32 3.38 .D7360ES
18. 396 3.3 3.3 «IET77413
19,3398 3.29 S . 3648034
5. 002 3.21 3.21 . 941343
30 3.14 3.14% . 2208211
34,3398 3. 08 3. 08 . 3032258
40, 002 3.01 3. 01 . 8826973
45 2.3%5 2.9% . 8651026
43, 338 2. 89 2.83 . 8475073
S8. 002 2. 83 2.83 . 8239312
&0 2.77 2.77 .8123166
64,398 2.72 eg.7¢& . 797654
70,002 z. 66 c. 66 . 7800588
75 2. 61 2.61 . 7653953
79. 9928 Z.56 2. 56 . 7507331
84, 939¢ 2. 51 2.5 . 7360704
30 Ze 46 Z. 46 7214076
34,398 2. 41 2. 41 . 70674473
100, 00 =. 26 2. 36 6220821
108 2. 31 2. 31 6774193
103, 3398 e 27 .7 . EESEBTE
118, 00c .23 .23 . £E53353
120 .18 2.18 . 332362
150 1.94 1.94 . S6891S
180 1.74 1.74 9102632
210 1.56 1. 56 . 457478
&40 1.4 1. 40 4105572
270 1.287 1.27 . 372434
200 1.15 1.15 . 3372434
330 1. 08 1.05 « 30738173
360 « 96 0. 96 . 2815245
330 .87 0.87 . 295132
420 .8 0. 80 . 2346041
450 e 74 O 74 . 2170088
480 .69 0. 869 . 202346
S10 .65 Q.63 . 1906158

sS40 .61 0. 61 . 1788858



S70
Q0

0.58  .170088 TWo2E (eert L
0.55 1612903

u o

awm

CONFINED RQUIFZR, FULLY BENETRATING CONDITION

“ = 0,23-03 cm/sec
= 4.5 gpd/ftz
= Q,72-0S ft/sec

O
0.6 “ft/cay

REGRESSION CIeEFFICI

in

NT = -, 9953606
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CALCULATION OF GROUNDWATER FLCW SUANTITIES IN WATER-TABLE

A
SUMMIT RATIONAL SITE 137
27-Feg-47
= KIR = K (dh/ki) 2w b
v 2 Kl/n
Q = total flow q = flow in single ceil
dh = change in head - 41 = flow length
w = width of flow ceil b = aquifer thickness
I = dh/dl n = poreosity
K = hydraulic conductivity {assused fros typical values for these saterials:
CALCUALTION FOR HIGH-END HYDRAULIC CONDUCTIVITY
Using K(fill} = 3E-J ca/sec. {MW-3 - maxiaua valid slug test for +ili:
K{till) = 2E-3 caisac {(MN-7 - saxisua valid slug test for :iil)

Kirock) = IE-3 from MN-2, closest cedrock well to arza used for calculaticn,
Perioraing caiculations batween 1084 and 1085 watar-table contour lines

Calculated vai: ¥ # +
CELL " dl b I=2dl K K K 3 ¥
(#t} (fti (ft} {ca/sec) {gpd/ft2) (ft/d} igpd) {ft/d)
A 150 25 3 0.08 JE-03 o4 3 17342 1) S
B 135 3 24 0.066866 3E-03 o4 ¥ 137 L{U S U 54
€ 70 S0 21 0.04 3E-03 o4 ? MAT 401 0,86
p LH] 30 22 0.022222 3E-03 64 9 1398 40T 0.48
£ 80 63 22 0.030769 3E-03 o g J442 1) S T
F 80 6 . 22 0.04 JE-03 o4 9 4475 41 4.2
B 120 70 14 0.028371 SE-03 84 ? 2051 W sl
H 75 50 10 0.033333 3E-03 b4 3 1389 1) SR R
1 85 i 10 9.1 JE-03 o4 3 5403 0 Ly
J 123 25 1§ 9.08 JE-03 &4 ? 524 1) S
Kitiil) 100 35 8 9.057142 ZE-03 42 b 1337 0 .09
Kirock) 100 33 12 9.057142 1£-05 9.2 0,03 i3 KA A
Litiil} {0 0 {3 0.04 E-03 42 b 2424 30T
Lirock) {o 50 12 0.04 1E-03 0.2 0.03 {1 00
233322 SZI=T2ISS
TOTAL FLOW (gpd) 68,285
(gps} 47
AVERAGE FLOW RATE 0.93

/I



CALCULATION FCR LOW-END HWYORAULIC CONOUCTIVITY

Using Kifiii) = [E-d ca/sec. {MN=i3 - siniaua vaiid siug test for fiii}
K{tiii}) = 4€-5 zn/sec {MW=17 - ainiaua valid siug tast for tiiii
K{rock) = {E-S froa MN-2, closest badrock well to area used for caicuiatiza.

- Perforsing caiculations between 1084 and 1085 water-tabie contour iines

Calculated val: t # )
CELL ] gl ] 1=l K K K ] ] ¥
{ft) £33] {ft) {ca/sec) (gpa/ft2) (ft/d) igpd: F4i3)
A 150 5 23 0.08 {E-04 2 3.3 33 R 8
] 135 3 24 0.066646 {E-04 2 9.3 428 S
£ 70 3 2 0.04 lE-04 2 8.3 i RO A
D 4 30 22 0,022222 1E-04 2 0.3 7 anooo
£ 80 63 22 0.03075% 1E-04 Z 0,3 1458 S ¥
F 80 30 22 0.04 {E-04 z 0.3 133 0T 3,03
B 120 70 14 0.028571 1€-04 2 3.3 102 ar 0,02
H 75 80 10 0.033333 1€-04 2 0.3 3 01 0.02
I N 20 10 0.1 1E-~04 2 9.3 180 % 0,07
J 125 el 15 0.08 1E-04 2 .3 3 T 0.0
Kitill) 100 35 8 0.057142 SE~U3 { 9.2 58 S0} SR N
Kirock) 100 35 12 0,057142 1E-05 0.2 .03 15 1 2.00
Litill) 110 =] 13 0.04 BE~05 ! 0.2 73 o 602
Lirock) 110 S0 12 0.04 1E-05 9.2 0.03 1 0% 0.0
s3=zTTTIS az3z2==TT
TOTAL FLOW (gpd} 2,287
(qpai 2
AVERAGE FLOW RATE VS

|+

AVPAN
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Mojact: Sumsil Mational Bite
Fluw and renaport calculotions for water—table aquifer
By DI Datas b-feb-87
Owchads _ Betoy N
Filosams: WIIRANG2. XL

Metardation costficiants and odjusted Ciams for previous cuncentrations:
Resuming 408 porosity, 1% organic cerbos, demsity of 100 [b/ft3 (2 g/call
Meforences: Practical Rapects of Broundeater Nodeling, W.C. Malton, 1984,
Hendbook of Env. Data on Orgaic (hemicals, 2nd od, A. Verschusren, 1483
(Kow sot available for all compuunds)

Hd o A X1 u Fu Kow (distribution coetficient al/g)

f = argaaic carpon content
Wow = actanol-water partitioning costficient

i =1 ¢ipa/n u M) (rutardation tactor, dimmsioniess)

o8 * dry bulk denaity

8 = porosity

[ 1T ] How "] [ ]
imlar)  (al/g)

Neinylere chloride [§T: 0.05 1.3
I, 1-Bichloroethane [P0 0.3 2.9
1, &-Dichlorosthane .2 0.19 2.0
2-Butanone -0.05% -0.00 [N ]
1, I, 1-Trichlorosthare 1L ] 0.9 .7
Trichlorosthens 19 1.a3 L1
Toluene 430 10 16.4
Eihylaanzone k9T 0.02 L4
fhero) A b 0.18 1.9
1sophorone 0.23 0.00} 1.0
2, hrestnyl phanc] 2.9 0.02 [N
Maghthaione M 0.22 2.1

Bini2-sthylhuayliphthalate 340000000 3. avk+0b 1. DOEvU7

HIGELOCHTY LRk

L] 20 ft

ne 0.4

Ve 0.9 ft/dey

TR 60 1Y (Malbon, 198A)

oo 10 16 (Walton, 1984)

a . 10 £t (Maiton, 1984)
Do asnumnd a0 0

[T M frese

W~ 9 e

| T3 9 e

Meforences: Dossmico end Robbins, 1943
61)has, 1962
Suwrce dissratonss 1 = 110 4

L O N
le2ott

1

C

¢ 6 0 06 ¢ 0o ¢ ¢ ¢

G




tor location i, ¥ 0, -0 .l:le:.sl._

tiow @ 10 y9OS

ﬂl—i.l«: [ ] v [ oy’ [T [}
athylens chloride 1.5 0. 716bBLA 430011620 1AM 1. 16bbb0A S LieNle

1, |-Dichlarcethens 2905 0. WHT53D 15 WA

113 6. wi2w? 21,6130

2-hutamns 0. 9aB1ALS O I6TIIE N. LU
_._.T_:Q.ﬂg.in 5.662 0. 1589943 9.5202659
frichiorosthess 1.184 0. 12600630 7.56031801
loluers 16.43 e..b:a:—.rﬁ!ct
Einy)Daniens 1099225 0. 21875067 49 1250202
Phavcl 1,901 ANsd! 28. 3137583
Lsuprons 1.0utA3 0. 89 X520A0 93, 6145840
n.fslzi.nle_ 1.018T5 0. 8NRB 50, UST93T4

naphalens
-.-.nd-:_-..::.!z:—-

2,083 0. AN 59168
17010008 5.29E-00 LAk

for location ¥ )00,
i = W0y

0 0

O VRN

fathylers chloride

_.,.-.9—.-&?.2 . 305153 18 WHITHN
—.w‘_.:!e.dl.ti % 18] 0. \12W9? 21.6136084
2-But asors 09381813 0.90167576 1006458
—._.—-_...nr.i.i.st.. 5.662 0. 19840Aa3 9 53726098
richlorosthens 7.4 0. 20630 1 403180}
Yoluare 164D 0.000 16118 3. 28067062
EAhylosnisn® 1. 09825 0. BLATSBLT A9 1%
Prerwl 1.l e.»?cﬁf - nsid
Anaghorons 1001243 0. amcbw 53 b1

2, oé_l::—tise— 1.01875 0. sNZHR
naghtnaiens
c.-.w.oo’-—’o:— JEhalate

for location 2=100,
Liew = V0O yeer®

¥y, 10

conTaniesed [ ] v

Nethylens chiorioe 129008 0. TAbbBbOY 44, 001166
_._.En..ﬂi:_:s 2.0 0. ryyvel 18 WOIPA

(W3 Dicnlucostives %13 0. sbie ! 216738004
2-utenunt 0.9481A13 e.f—rﬂ? oA, JUUDADE
—._.—._25—.\3;!_- 8. 662 0. 19BYAND 4.531cb2%
_..—n’:uél:ii 1.185 0, Jeblub 0 7. %441601
Toluemst 1h.40 U walblie 3. chob ube
iy leniet® 1R 0 sralonol 49 1250
Aol 1.9k b shen! A a8l
gl 1001283 0. 83 55cbW0 51 611064

3. 06E 00 3.007540 1. 9031606
4. 6lEW0 . 61297 e

1. ekl 1. 0030 -2, 9uub 300
5. AL 0. 9416118 -1. 6364340
o150 8 1815867 1. 0316600

A T 00 RITT- L NP
B PEW 8.91¢bM0 FRT I
[T 8. 3R -7.91¢ 1AL

4 uE 00 A 319N -5 pasaeel
s.ex-0! s.etv! col. 1649

oy' (T3 4]

IR 7. 1LLBLOA - LU, ACVA
Lk 1.05093 g, 11980
Ablb W a.brednl -4 SCoAL
g, Ot 0 4.016/5%70 -y1. blabbA
1.9% W 1. 5800
). b0 1. chwb 30 A.eneactd
4. a8 -0L 0. A lLLIB ¢ I
8. 14k W 8. 18/l -1l 12443
A ew A Horsl 8 a¢esubl
BT 8. 493w ‘:.?n;»L

artc R

ertcif}

wri (B}

2 3.ATEWOAR
2 LA/
2 .AJEwdN
Z u.:gn
¢ J.ATBWNC
¢ 3 AW
PRI e
¢ 3. 8 1BAL
2 5. AlADM
o 3. AIBWOAL

~3ATHIADN
By
-3, AT85U0A
-3, A /8NN
-3, ATRHODA
- ATEW5A
-3, 4780000
S3 AN
1 -3 AN
Ry o]
Y-
1 -3B890
\ -1, 76000

- -

- -

1 -4 ATBARS
| -3 AEWA
3 -3.A780000
] -5 A 1A
| - L ATEAA
b o-3.AlEu
1 -3, AN
' $AIRAA
NEER YL ]
| -3 ABWOA

artil)

ert i)

-1 015011388
-1 0. 19811388
-y 0.15811 308
-1 0. 108113088
-1 c._uu:wsp
-1 0. 15811368
-1 0.1b811380
1 0. 15611388
-y 0.1kl 388
-1 0. 19811368
-4 0. 15811388
-1 . ioH11388
-1 0. 15011308

-1 v, 10811388
-1 0. 15811388
-y . 1h81) 388
-1 0. 15811 388
-1 0.19811388
-1 0. 15811308
-y . 15811388
-1 0. 15611368
) 015811 568
R
1 0. 1581108
-y 0. 15811588
-4 u.tos11 08

]

-1 . 15811388
-1 . 15011 388
-t o 1581 1 bt
-1 0. yoi 11388
-1 . 1611 08
i c._uu:.&c
-1 u. 1St 108
-4 0. 1561 o8
\ U, 101
{0, 15b11 ot

act B}

Ay -p. 1581038
0.1 -0.1581138
0.\ 0. 1961138
011 0. y581138
u\? 0, 1981138
0.1 . 1981138

ert (D t

u. il b, 181138
0.17 0. 1501138
Ay PRI
0.1 .18
(N L0.15811 38
u. Al 0. 1081138
u. ! 0. 51138
'Ry g, 1081138
0.1 SRR
u.it TR IS

atit)

Ny
0.\
.17
-0.17

TR Y

AL

-u. 1!

ol

Y
ot

ch U
1,00
115,00
a0, W
33,000
18, U
el o
TR
1,000

b, U

[

A, LB

19,50

110,90
4,utb

a5l
1,810
WY
)
[1)
1WH

4 ubo
¢, UM
14,500
YW
4,uiv
5,000
AN
1, Bl0
LW
™Y



n

ot
v

L}
1]
oVt

0o
o
1o

gricto (1o
AFLIAST0- {870
grumRctn- jt°n

aueieco 1
meecto 1-
AATIIRCE "0 -

SOCR/ Y E-
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Nutardation coptficlents and adjusted tises for previous cuentretiuns;

fnsusing WS porosity, 15 organic caroun, density of 100 lb/ttd (€ g/cadi
Mulerences: Practical Repects of Groundwiter Mudeling, ¥.L. Mallon, 1964,
Hondbook of Env. Dete on Urgnic Dwmicals, cry ed, K. Verschueren, 1383
Kow tt avalleble fur al) cCumpuurus)
Woeb.X-)nf s Kow (distribution cuntfrcient sl/zg)
f & urganic caroon contert
Kow = octanc)-mitur partibioning cowfficient

e = | sips/n a KD iretardation tactor, dimensionless)

pa o ory bulk denaity

a = porosiby

CLmPOLMD Kow Kd ]
tasler)  al/y

fethylane chioride [ §F 0.08 [
I, }-Dichlarosthane 61.7 0.9 9
1,2-Dichiorosthane ¥.2 0.19 2.0
& lut srore -0.659 0.0 1.0
1, 3, b -lrichiarosthane L] 0.93 [ W}
Irichlorowthene 195 La 21
Toluune A% 3.0 16.4
Etaylbenzens 115 0.02 11
Menol 2.4 0.1 1.9
Isoghorons 0.23 0.0u1 L0
2,4 Diasthylphenol 2.3 0.0 i1
Napirinaleve W) 0.22 e

Bisiz-sthylhany)iphtnelats 540000000 3 S0E+06 1. JUEw?

L DY Lk

- <0 ft

L3 0.4

Vs 0.04 ft/day

s 60 1t tdallon, 1984)
ay = 10 1t (Walton, 1984)
at - 10 £t (Malton, 1984)

Do assuand 03 O

[T 1.8 ftesd
Wy~ 0.3 fte/d
[ T 0.3 fr2/e
fxterencess Uusenico and Bobbins, 1965
Gilhen, 1962
Source diawnsionss 1 = 110 18
Ysdd it
ls20
tor location walUh, ya, 10 {edit M abis 3 aumn}
Giam 2 10 yoars
g Tr T (%] v Da* by* be? W wrtc(A) b ertib) C et '] ert by t ertit) Lo L
. b ppbs
Ralhylene chloride L.eQ00i U UCSBBYNS 1. 0055 0cul .19 0L U.cdBBYDS U, UBBO0S4 v. 89 1 a28duhee [ IR RV WY DS LUTEET ) [N AT " TRR" ] o ¥ o, o [T
4 B . . - 1 .

-t
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SumiT NATIONAL SITE

tise=

CONTARINANT

Rethylene Chloride
1,1-Dichloroethane
1.2-Dichloroethane
2-Butanone
1,1,1-Trichloraethane
Trichlor oethene
Toluene

Ethyl Beo:ene
Fhenol

[sophor one
2,4-Dinethyiphenc]
Kaphtha) ene

0.9 tt/dey
36500 days
1450 feet

Rd v [ by’ 1}

1.23578 0.7160060 43.00114 7.164850 7. 166860
2.94335 0.3037332 18. 34319 1.057532 3.057532
1,950 0.4612300 27.47385 4.412309 4.412309
0.958141 0.9016757 54.10054 9.014757 §.016757
3.662 0.1589544 9.537265 1.389544 1.589544
7.1425 0.1260083 7.560378 1.260063 1. 260063
16.435 0.0547611 5.285670 0.547611 0.54261)
1.0%9225 0.8187586 49.12552 0.187586 8.107582
1.9072 0.4718939 28.31375 4.718939 4.718959
[.007245 0.8955264 53.81658 B.935264 9. 935264
1.07875 0.8342989 50.05793 8.342989 8. 342989
2.0038 0.4319447 25.91060 4.319447 4. 319447

Bist2-ethylhexyliphthal at (7910001 0.0000000 0.0060003 0.000606 0. 000300

-9.8b141
-5.9350%
-1.65392
-11.1943
-3.68794
-2.997147
-0.19234
108174
-1.75040
-11.158%
-10.7278
-1. 35941
2129.838

erfcih) ']

2 0.913500
2 0.913500
2 0.913500
2 0.933500
2 0913500
1.9999 0.913500
1.7421 0.913500
2 0.913500
2 0.913500
2 0.915500
1 0.913500
2 0.913500
0 0.9(3500

ert (D) C

0.7969 -0.91350
0.7969 -0.91350
0.7949 -0.91350
0.7969 -0.91350
0.7949 -0.91330
0.7949 -0.91350
0.1969 -0.91350
0.7949 -0.913%0
0.7949 -0.91350
0.7969 -0.91350
0.7989 -0.91350
0.7969 -0.91350
0.7969 -0.91350

erfiC) [

-0.7969 0.041522
-0.7969 0.041522
-0.7969 0.041522
-0.7949 0.041522
-0.79469 0.041522
-0.7969 0.041522
-0.7949 0.041522
-0.7969 0.041522
-0.7969 0.041522
-0. 7969 0.041522
-0.7969 0.041522
-0.7969 0.041522
-0.796% 0.041522

ert (D)

0.0364
0.0564
0.0544
0.0564
0.0544
0.0584
0.0564
0.0564
0.0564
0.0564
0.0564
0.0564
0.0564

3

-0.04192
-0.04152
-0.04152
-0.04152
-0.04152
-0.0132
-0.04152
-0.04152
-0.04152
-0.04152
-0.04152
-0.04152
-0.04152

ertiE)

-0.0384
-0. 0564
-0.0564
-0, 0584
-0.0564
-0.0564
-0.0564
-0.0564
-0.0564
-0.0564
-0.0584
-0.0564
-0.0564

(o

ppb
24,000
12,000

115,000

50,000
53,000
18,000
27,000
11,000

7,000
26,000
140
620
7,250

TKANSFORT CALCS FOR WATER TABLE ACUIFER, HWIGH YELOCITY

ppb
1,019
539
5,189
29,214
2,182
809
1,057
[
A {}]
1,169

2



UNMIT NATIONAL SITE

froject: Sussit Nationdl Site
Contasinant “Iransport Calzulations tor Mater -Table Aquiter

by: 0BT Date: 10 Dec-€7
CEE TRANSPORT CALCULATIONS Ot 2/26/87 FOR TEKNS, EQUATIONS AMD REFERENCES
KIGH VELOCITY CASE

v 0.9 Huday

Lige- 3650 days
3 1450 feet

{ONTANINANT Rd v Da’ by’ |78 [} ertCiR) []

25578 0.716b860 43.00136 1.1668b60 7.166860 -1.47145 1.966 0.913500
94355 0.3057552 18.34519 3.057532 3.057532 0.645371  0.3579 0. 913500

rethylene Chloride
1,1-Dichlor gethane

ey

I,2-Cichlioroethane 1,951 0.46§2309 27.47305 4.612309 4.512309 -0.386133  1.3794 0.913500
Z-Butanone 0. 998141 0.9016797 54.10054 9.018757 9.016757 -2.07159  1.997 0.913500
1,1, 0-Trichloroethane S.602 0.1589544 9.537265 1.589544 1.589544 2.330983 0.00114 0.913500
Trychlor oethene 7.1425 0.1260063 7.550318 1.260063 1.260063 2.980031 0.000022 0.913500
loluene 16.435 0.0547611 3.285670 0.547811 0.547411 5.707735 v 0.913500
Ethyl Genzene 1.0§9225 0.8187384 49.12552 6.187586 B.1087586 -1.B1459  1.98%1 0.913500
Fhenol 1.9072 0.4718959 28.31375 4.718959 4.718959 -0.42300  1.4284 0.913500
1sophor one 1.001245 0.8935254 53.41158 B.935244 B.935264 -2.04739  1.9953 0.911500
2. 4-Direethylphenoi 107875 0.B342949 50.05793 8.342989 B8.342989 -1.0b594  1.9928 0.913500
haphthal ene 2.0836 0.4319447 25.91668 4. 319447 4,319447 -0.20580  1.2227 0.913500
bisi2-ethylhexyl iphthal at 17010001 0.0000030 0,000003 0.000000 0.000000 &735.142 0 0.913300
v 0.9 ft/day
tine= 18250 days
Xz 1450 feet

TONTAN[NANT Rd v Ds’ by’ b’ A [18141})] B
Aethylene Chioride 1.25578 0. 71646860 43.00115 7.156840 7.146860 -&.56387 2 0.913%0
1,1 Dichioroethane 2.94355 0.3057512 18.34519 3.057532 3.057532 - 3. 56884 2 0.9135%60
1,2-Dichlor oethane 1.9513 0.4612309 27.47385 4.612309 4602309 4. 90005 2 091350
2-But anone U, 958141 0.9036757 S4 10054 9.016757 9.016757 1.59075 2 0.913500
1,0, 8- Trichloroethane 5.662 0.1589544 9537280 1. 989544 1.589544 1. 73BR7  1.9836 0.913500
Trochloroethene 71425 0.1260C43 7.560378 1.260083 1.2600b3 1. 14343 1.8802 0. 913500
loluene 16,435 06547611 3285670 0.547611 6. 547411 0920080 0. 2021 0.913%00
:thy) Benzene 1.u99725 0.81B758b 49.12552 B.18JSBs 8. 18758 -1.124)% 20 913500
“henol 19072 04718959 28. 31379 4.718959 4718959 4.981)3 2 0915500
lscphurone 1oe7285 0 8935784 S3.61058 B.935764 B.YI0064 1. 5059) D uLSI500
4 Loaetnyiphenl 1OBIS v BIAINEY Yo o)y L A0YBY B SACYBY 7 Dubdy TS
PR AR R R LN A ST R R PR T R B R T ¥ WrATAT) BRI RTTC
I g | Gt L Cotn [T T BT B TR TR

erf18)

coococooOooooo oS

1969
1969
1969
19¢9
1969
1969
1969
1969
1969
1969
1969
1969
196%

erfilB}

<

0

S

Iz

o c o o0 Cc oo

1969
1949
1969
1969
1969
1969
19869
1989
1969

ALY

ey
LY
YnH‘A'

c

-0.91350
-0.91350
-0.91330
-0.91350
-0.91350
-0.91330
-0.91350
-0.91350
-0.%1350
-0.91350
-0.91350
-0.91330
-0.91330

C

-0.91350
-0.9135¢0
-0.91350
0.91350
-0.91350
0. 91350
0.791350
0.41350
0.91550
071550
0,915
vy
([N AT

er

er

-0
-0
-0

-0
-0
-0.
-0,

e T e o o

(X[4] ]

1969 0.041522
L1969 0.041522
L1969 0.041522
7969 0.041522
71969 0.041522
1969 0.041522
L1969 0.041522
L7989 0.081522
1949 0.041522
L1969 0.041522
7969 0.041522
L1969 0.041522
L1989 0.041522

f10) D

L1969 0.041522
L7949 0.041522
L1969 0.041522
7969 0. 041522
1969 0. 041522
1969 0. 041322
1969 0.v41522
1969 0. 041522
L1969 0.u41522
1969 v 041522
1969 v U152
1A% JUNT ¥ W
AL RN YR

erf (D)

0.0564
0.0564
0.0564
0.0584
0.0564
0.0564
0.0584
0.0564
0.0564
0.0554
0.0564
0.0564
0.0564

er (D)

0.0564
0.0564
0.0364
0.0564
0. 0564
0.0564
0.0364
0.0564
0.0564
L0564
f.uted
0.0%¢c4
¢

ehed

-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0

-0
-0
0
0
]
0
-0
-0
¢
v
0
4
(v

£

L4152
04132
00152
04192
04152
04152
04152
04152
04152
04152
04152
04152
04152

04192
04152
L0152
08152
04152
04192
LIRYS
0NS2
L4192

ully?

g2
DALY
N7IMN

erf{E)

-0.0964
-0.0064
-0.0564
-0.0364
-0.0564
-0.0544
-0.0564
-0.0564
-0.0564
-0.0564
-0.0564
-0.0564
-0.0564

erfit)

0464
0564
0964
0564
0964
05864
0564
0544
0964
(1]
0564
0564
Lehbd

o 00 c 0 o000 e

<

(o

”h
4,000
12,000
113,000
50,000
53,000
18,000
27,000
11,000
7,000
28,000
140
620
1,250

Co

ppb
24,000
12,000
115,000
450,000
93,000
18,000
21,000
1,000
1,000
26,000
140
b
7,296

TKANSPORT CALCS FOR MATLH TABLE AQUIFER, HIGH VELOCIIY

¢

ppb
1,060
9
3,545
2,171
1
0
0
w2
225
1,166

Y



‘roject:

Sussil Nstional Site

Contamnant Trancport Calculations for Water-Table Aquifer

bv. 0BT

Date: 10-Dec -87

SEE TRANSPORT CALCULATIONS OF 2/26/87 FOR TERNS, EQUATIONS AND REFERENCES

HIGH-VELDCITY CASE

v 0.9 ét/day
tine 3850 days

= 4500 fest
CONTAMINANT Rd v [T by’ 0 A
Methylene Chloride 1.25578 0.7166840 43.00116 7.164860 7. 166860 2.377881
1,1 Bichloroeihane 2.94355 0.3057532 18. 34519 3.057532 3.057532 4.538721
1,2-Dichloroethane 1.9513 0.4612309 27.47385 4.412309 4.812309 4.4309717
1-Butanone 0.998141 0.9016757 54.10054 9.014757 9.018757 1.360213
1,1,1-Trichiorcethane 5.642 0.1589544 9.537265 1.589544 1.589544 10.50454
Trichior orthene 7.1425 0.1260063 7.560378 1.260083 1.260063 12.16022
Taluene 16.435 0.0547611 3,285470 0.547611 0.542611 19.83125
Ethyl Deazene 1.099225 0.8187586 49.12552 B.197386 B.187586 1.784789
Fheno) £.9072 0.4712939 20.31375 4718959 4.718959 4.320015
Isophor ane 1.007245 0.8935264 53.41158 0.935264 8.933264 1.40002}
2,4-D1aethylphenol 1.07875 0.8342989 5005793 8.342989 8.342989 1.70173%
Waphthal ene 2.0836 0.4319447 25.91648 4.319447 4.319447 4752002
Bis(2-elhylhesyliphthalat 17010008 0.0000000 0.000003 0.000000 0.000000 20902. 16

vs 0.9 H1/day

time: 18250 days

X AS00 feet
CONTANINANT kd v [T by’ 0! [}
Hethylene Chloride 1.25578 0.7160860 43.00116 7.166860 7. 146860 -4.84240
1,1 Dichioroethane 2.94355 0.3057532 18.34519 3.057532 3.097532 -0.93325
1,2-Bichloroethane L9513 00412309 27.47385 4.61230% 4. 612309 -2.75618
2-Butanone 0.998141 0.9016757 S4. 10054 9.004757 9.016757 -6.010600
1,1, 1-Trachlof cethane 5.662 €.19589544 9,537265 1.589544 1.909544 1.916448
Trichloroethene 7.1425 0. 1260063 7.580378 1.260063 1,200063 2.961646
lToluene 16.435 0.0547611 3.285670 0.547611 0.547611 1.14776)
Ethyl Beazene 1.099225 0.8187586 49.12552 6.187585 8.187986 -5.51420
Fhenal 1.9072 0.4218959 28.31375 4.718959 4.718959 -2.86024
Isophor one 1. 0CT45 0.8935264 53.41138 B.919264 0.935264 -9.96020
2,4 [reethylphenol 1.07875 0.8342989 50.05133 B.342989 B.342989 -5.61097
Nephthaleoe 200036 0. 4319447 25.916568 4319447 4. 319447 -2. 45951
Bisi2-ethylhexyl }phthalat 17010001 0.00000v0 0.000003 0.000000 0.000000 9347.732

erfciA) []

0.0011 0.51854¢
0 0.518544
0 0.518544
0.0477 0.518544
0 9.519544
0 0.518544
0 0.518544
0.0109 0.518544
0 0.510544
0.0047 0.518544
0.0162 0.518544
0 0.518544
0 0518544

ericiAl []

2 0.518544
1.7969 0.510544
1.9999 0.518544

2 0.518584
0.0072 0.518544

0.000022 0.518544

0 0.518544

2 0.518544
1.9999 0.518544

2 0.51B544

2 0518544
1,999 0.510544

0 1518544

erfiB) C erf(0) ] ert (D)
0.5205 -0.51854
0.5205 -0.51854
0.5205 -0.51854
0.5205 -0.51854
0.5205 -0.51854
0.5205 -0.51854
0.5205 -0.5183¢
0.5205 -0.51854
0.5205 -0.5185¢4
0.5205 -0.51854
0.5205 -0.5185¢
0.5205 -0.51854
0.5205 -0.5183¢4

-0.5205 0.023570 0.025898
-0.5205 0.023570 0.025898
-0.5203 0.023570 ©.025698
-0.5205 0.023570 0.025898
-0.3205 0.023570 0.025898
-0.5205 0.021570 0.025898
-0.3203 0.023570 0.0258%8
-9.5205 0.023570 ¢.0258%
-0.5205 0.023570 0.025894
-0.5205 0.023520 0.025898
-0.5205 0.02357¢ 0.025898
-0.5205 0.023570 ¢.025898
-9.5205 0.021570 0.025898

ert (b} C erti0) 0 erf (D}
0.5205
0.520%
0.5205
0.5205
0.5209
0.5205
0.5205
0.5205
0.5205
0.520%
0.5205
0.520%
0.45205

-0.51854
-0.51854
-0.5185¢
-0.51854
-0.51854
-0.51834
-0.5185¢4
-0.51854
-0.51834

031054
-0.51854

0.951654
-0.5185¢

-0.5205 0.023570 0.025898
-0.5205 0.023570 0.025098
-0.5205 0.023570 0.025898
-0.5205 0.023570 0.0258%0
-0.520§ 0.023570 0.025898
-0.5205 0.023570 0.0258%8
0.5205 0.023570 0.025898
-0.5205 0.623570 0.025898
-0.5205 0,023570 0.075898
0.5203 0.023570 0.025898
0.5205 0.9023570 0.024858
-0.5205 9.023570 0.025098
-0.5205 0.023570 0.025698

4

-0.02357
-0.02337
-0.02357
-0.02357
-0.0235)
-0.02357
-0.02357
-0.02357
-0.02357
-0.02357
-0.02357
-0.0235]
-0.02357

E

-0.02357
-0.02357
-0.02157
-0.02357
-0.02357
-0.02357
-0.02357

6.02357
-0.02357
-0.02197
-0.00757
-0.0289)
-0.02%97

erflE}

-0.02589
-0.0258%
-0.02569
-0.02589
-0.02589
-0.0258%
-0.02589
-0.02589
-9,02589
-0.0250%
-0,02589
-0,02589
-0.02589

erf(E)

-0.02589
-0.025089
-0.02589
-0.02589
-0.02589
-0.02589
-0.02589
§.02589
-0.07589
0.02589
-0.02589
-0.02589
v, 02989

Lo

wh
24,000
12,000
115,000
450,000
53,000
18,000
27,000
11,000
1,000
26,000
140
620
1,250

Co

11
24,000
12,000
115,000
850,000
53,000
18,000
21,000
11,000
7,000
2,000
140
620
1,250

ppb

o oo

~
<
-

© O O - -0 c O



Ve 0.9 rt/day
time: 16500 days

1 4500 feel
CONTARINANT hd v [T} by* 0z’ A ericih) B ert i) [ erf(C) ] er i) t eri(E) o C
oy ppb
Rethylene Chioride 1,29578 0.71668560 43.00118 7.16b860 7.166860 -8.64415 2 0.51854¢  0.5205 -0.51854 -0.5205 0.021570 0.0258%8 -0.02357 -0.0258% 24,000 J24
1,1-Dickioroethane 2.94335 0.3057532 18.34519 1.057532 3.057532 -4.04945 2 0.51854¢  0.5205 -0.51854 -0.5205 9.023570 0.025898 -0.0235) -0.0238% 12,000 162
1,2 Gichloroethane 19513 G. 4612309 27.67385 4.61230% 4.612309 -6. 13656 2 0.518544  0.5205 -0.51854 -0.5205 0.023570 0.025898 -0.02357 -0.02589 115,000 1,559
I-butanune 0.990141 0.9014757 S4. 10054 9.016757 9.018757 -1vu. 1090 2 0.518544  0.5205 -0.51854 -0.5205 0.023570 0.025898 -0.02157 -0.0258% 450,000 8,742
1,1,1 Trichioraethane 9.662 0. 1589544 9.537265 1.589544 1.589544 -1.10323 2 0.508544  0.5203 -0.5185¢ -0.3205 9.021570 0.025898 -0.02357 -4.02589 353,000 m
Trachicrvethene 1.1425 0.1260063 7.560378 1.260063 1.200063 -0.09444  1.1125 0.518544  0.5205 -0.51854 -0.5205 0.023570 0.025898 -0.02357 -0.0258% 18,000 135
Taluene to. 435 0.0947611 3.285470 0.547611 0.547811 3.811294 v 0.518544  0.5205 -0.51854 -0.5205 0.023570 0.025898 -0.02357 -0.v2589 27,000 0
fthyl benzene 1.999225 0.8187586 49.12552 8. 187566 6.187588 -9.47654 2 0.518544  0.5205 -0.5185¢ -0.5205 0.023570 0.025698 -0.02357 -0.02589 11,000 148
Fhenal 19072 0.47168959 28.31373 4.716939 4.718959 -b.25628 2 0.51854¢  (.5205 -0.51854 -0.5205 0.023570 0.025898 -0.02357 -0.92389 7,000 9"
Isophor one 1.007245 0.8935264 53.81158 8.935244 8.935264 -10.0487 2 0.518544  0.5205 -0.51854 -0.5205 0.023570 0.025899 -0.02357 -0.0258% 26,000 350
I, 4-Bimethylprenol 1.07875 0.8342989 50,0579 8.3429089 8. 342989 -V.59%4) 2 0.51854¢  0.5203 -0.5485¢ -0.5205 0.023570 0.0258Y8 -0.02357 -0.02389 140 2
Niphtha!ene 2.0836 C.A319447 25.91668 4319447 €. 319447 -5, 79145 2 0.51858¢  0.5205 -0.51854 -0.5205 0.023570 0.025898 -0.02357 -0.02589 820 8

Erst2-ethythes v 1) phihalat1 uin00) 0, COCU000 0.006u03 V. 0000LE 0.0u0u0) 8609.843 0 0.518544  0.5205 -0.51854 -0.5205 0.023570 0.025898 -0.0235) -0.u2589 1,250 0



froject: Suamit Maliomal Site
Contasinant - Transyort Calculations for Mater-Table Aquiler

by: D8I Date: 10-Dec-87

SEE TRANSPORT CALCULATIONS OF 2/26/87 FOR TERNS, EQUATIONS AND REFERENCES

LOW VELRCETY CASE

Vi 0,03 ft/day
Lise- 3850 days
2z 1450 feet
CONTARINANT Rd v [T} by b’ A

1.25578 0.0238895 43.00114 7.1b64840 7.166860 1.719933
1,1-Bickloroethane 2.94355 0.0101917 18.34519 3.057532 3.037532 2.12981)
1,2-Dichloroethane 1,9513 0.0033743 27.47385 4.612309 4.612309 2. 192881
2-Butenone 0.998141 0.0300558 54.10054 9.018757 9.014757 1.50807%
11,1 Trichioroethane 5.682 0.0052984 9.537263 1.589544 1.589544 3.8339835

Hethylene Chioride

lrichloraethene 7.1425 0.0042002 7.580378 1.260063 1260083 4.318208
Toluene 16.435 0.0018253 3.285670 0.547611 0.547641 4.589908
Ethyl Peazene 1.099225 0.0272919 49.12552 B. 187588 8. 187586 1.594310
Phenol 1.9072 0.0157298 28.31375 4.718959 4.718959 2.165942
1soghorane 1.007245 0.0297842 53.81138 8.93526¢ 8.935264 1.51405Y

2,4-Diaethylphenol 1.07875 0.027809% 50.05791 8.342969 8.342989 1.577378
Naphthalene 2.0834 0.0143981 25.91868 4.319447 4.319447 2.221794
Bis(2-ethylhe:yliphthal at 17010601 0.0000000 0.000003 0.000(0 §.000000 4735143

v 0.0 ft/day
tiae: 18250 days
(8 130 feet

CONTANINANT fd v bs' by’ b’ []
Methylene Chiaride 1.25578 0.02186%5 43.00114 7.144860 7. 168840 0.572325
1,1-Dichloroethane 2.94355 0.0101917 18.34519 3.057532 3.057532 1.092256
1,2 Gichlaroethane 1.9503 0.0153743 27.47385 4.41230% €.412309 0.822760
2-Butanone 0998141 0.0300558 54.10054 9.018757 9.014757 0.453622
1,4, L-Trichlor oethane 5.662 0.0052984 §.517265 1.58954¢ 1.589544 1.621890
Trachloroethene 71425 0.0087002 7.560378 1.260063 1.260063 1.848616

Toluene 16,435 0.6018255 3.285670 0.547611 0.547611 2.892680
Ethy) Ben:zene 1.069223 0.0272919 49.12552 8.197586 6.187565 0.50267)
Fhenat 19622 0.0157298 28.31375 4.21695% 4.718959 ¢.608497
Isophar one . Low?24S 0.0257842 53.61158 B.915264 8.535264 0.45819)
2,4 breethylpheas! 167875 0.0278099 S0.0S793 8.342989 8.342989 0.49302¢
Naphthalene T.0B36 0.0143981 25.91668 4.319447 4. 319447 0. 86514)

BistZ ethylheayliphthalat 1701400l €. 0000000 0. 000603 0.0000U0 6. 0ucncy 36(2.u47

erfclh) []

0.0162 0.16b701
0.000} 0. 156784
0.0019 0.1s4781
0.0339 0.168181
0 0.16578)
0 0, 184781
0 0.166784
0.0237 0. 164181
0.6019 0. 168781
0.0139 0.164181
0.0339 0.164781
0.0011 0.164781
0 0.166781

erfc (Al ']

0.4347 0. teb781
0.1198 0.168781
0.2579 0. 166781
0.5245 0. 166781
0.0237 0. 166781
0.0109 0. 164781
¢.00081 U, 166784
4795 0. 166781
2579 o 168781
5245 0. 1e8181
4745 v, 166781
2293 v.168181

1y W [6bT7u1

e o o o o

ert (B}

[

0.168 -0.16679
0.168 -0. 16670
168 -0. 16678

0.
168 -0. 16618
.68

occcococeoeS

168

168
. 168
168

168
168
168

. 168

erf B}

ceceoceceoe

168
168
168

68

168
168

168
Jiet

Y]

168

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0,
-0.

-0,
-0.
-0.
168 -
-0,
188 -
lol -

=3

cocec oo c S

16678
16678
16678
16678
16678
16478
16670
16678
16678

18678
16678
16678
16678
6678

. 16678

16678
16678
j6b78
16¢18
16078
16678
16678

erfil) ]

-0.168 0.007580
-9. 368 0.007580
-0.168 0.007580
-0.§48 0.007580
-0.168 0.007580
-0. 168 0.007580
-0.168 0.007580
-0, 168 0.007580
-0.168 0.007580
-0.148 0.007580
-0.168 0.007580
-0. 148 0.002580
-0.168 9.007380

erfiC} ]

-0.168 ¢.007380
-0.168 9.007580
-0.168 0.0067560
-0.168 0.007580
-0. 168 0.007580
-0. k68 0.007580
u. 168 v.v07580
-0. 168 1.007580
O.168 #,u07580
). 168 4.007580
4. 168 0.007580
v. 168 ». 007580
0. 168 0.0 7uH0

erfiD)

0.008
0.008
0.008
0.008
0.0¢8
0. 008
0.008
0.008
0.008
0,008
0.008
0.008
0.008

ecl i)

0.008
0.008
0.008
0.008
6.008
0.008
0.004
0.008
0.v08
v.068
0,008
0.u08
¢.uo8

4

~0.00750
-0.00758
-0.00758
-0.00158
-0.00758
-9.00758
-0.00758
-0.00758
-0.00758
-0.00758
-0.00758
-0.00758
-0.00758

£

-0.00758
-0.00758
-0.00758
-0.00758
-0.00758
0.00758
0.00758
0.00738
-6.00758
0.0v758
0.0uf58
-G.0u)98
0.y I58

erfl(E)

-6.008
-0.008
-0.008
-9.008
-0.008
~0.008
-0.008
-0. 008
-0.008
-0.008
-0,1008
-0.008
-0.008

ecf (£}

-0.008
-0.000
-0.008
-0.008
-0.008
0.008
-6.004
-0, 008
1y, 408
0. 008
-4.908
v.008
u.u08

(o

(1
24,000
12,000
115,000
50,000
53,000
19,000
27,000
11,000
1,000
26,000
140
820
1,150

(o
b
24,000
12,000
113,000
530,000
53,000
18,000
27,00
11,000
1,006
28,000
140
b0
250

€
ppb

[N - A I NN N YV Y —d

ppb

20
Y

& e & © - ;aacc



v v ul et lday

tise: 18500 days
I 1450 teet
CINTAMINANG hd v' ['TH Dy’ b2’ R

1.29578 0.0238895 43.00116 7.1668460 7. 166860 0.230693
1, 1-Dichloroethane 2.94335 0.0101917 18. 34519 3.057532 3.027332 0. 638690
1,2-Dichloroethane 1.9S1T 60153743 27.67385 4.412309 4,6123069 0442191
¢ Butangne 1.956141 0.0300558 54.10054 9.016757 9.018757 0.125588
L 4,1 Trichlorcetnane 5.662 0.0052984 9.537265 1.589544 1.589544 1, 0o4904

Mzthylene Chloride

Trachloroethene 7.1625 0.0042002 7.560178 1.260083 1.260063 1.234209
Taluene 15,435 ¢.0018253 3.2B587v ¢.547601 0.542611 1.997335
Ethyl Fenzene 1.059225 0.0272919 49.12552 B. 187586 B. 187566 0. 169463
Fhenoi 19677 0.0157298 28. 31375 4.718959 4.71095% 0. 430783
Isuphor une 1001245 0.0297842 53.61158 0. 935264 8.935264 0. 129703
2,4 Daethylphencl 1.07875 0.0278099 50.05793 8.342989 B. 342989 0. 160883
Naphthalene 2.0836 0.0143981 25.91668 4.319447 4319447 0. 47525}

brstz-ethylhe viiphthalat Tul00ul 9. 0000000 ¢, ueney O 0Cudus 0.000000 2129.839

erfc iRl

0.1237 0.
0.338 0.

0.3245 0.
0.832 0.

0.1198 0,
0.0897 0.
0.0047 0.
0.852 0.

0.5245 v.
0.832 0.

0.832 0.

0.4735 0,
V0.

)

164781
16681
Lbb781
166781
166781
166781
lob784
165761
164781
166181
16b781
166781
164161

ertiB)

168
168
8
168
168
168
168
148
168
168
0. 168
0.168
0.168

cceocc oo Coca e

-0.
-0.
-0.
-0.
-0.

0.
-0.
0.
-0.
-0.
-0.
-0.
-0.

C

16678
16678
16478
16678
16478
18418
16678
16878
14678
16678
16678
16078
16678

erf i) b

-0. 168 0.007580
. 168 0.007580
-0.168 0.007580
-0. 168 0.007580
-0.168 0.007580
. 168 0.007580
. 168 0.007580
-0. 188 0.007580
-0.168 0.007580
-0.168 0.007560
-0. 168 0.007580
-0.168 0.007580
-0.148 0.007580

<

<

& o

erfid) 3

0.008 -0.00758
0.008 -0.00738
0.008 -0.00758
0.008 -0.00758
0.008 -0.00750
0.008 -0.00758
0.008 -0.00758
0.008 -0.00758
1,008 -0.00758
0.008 -0.00738
0.008 -0.00758
0.008 -0.00758
0.008 -0.00758

ertlE)

-0.008
-0.008
-0.008
-0.008
-0.008
-0.008
-0.008
-0.008
-0.008
-0.008
-0.008

0.v08
-0.008

{o

ppbd
4,000
12,000
115,000
650,000
33,000
18,000
27,600
11,000
1,000
25,000
140
620
7,250

£
ppb
1
]
4
363

ceCc NN © -



CONTANINANT

Methylene Chioride
1,)-Prchlocoethane
§,2-chloraethane
2-butanone

L1, - Trichlorcethane

irachiorcethene
Toluene

Ethyl Benzene
fhenal

1suuhor one

2,4 bisethylphenci
Naphthalene

uou ot /day
b days

500 teet

kd v B’ oy’ [1H A
1.25578 0.0238095 €3.00116 2. 100840 7. 166860 1.447953
2.94395 00105917 {8,34519 3.052532 1.057532 2.522331

1.9513 0.0153743 27.47385 4.5612309 €. 612309 1.95955)
0.99B145 0.0300538 54.10054 9.016757 §.016757 1.210820
5.662 0.0052984 9.537265 1.589544 1.589544 3.449412
7.1425 0.0042002 7.350378 1.260063 1.240063 4.137240
16.435 0.0018253 3.285670 0.5¢7611 0.542688 5.8060971

1.099225 0.0272919 49.12552 6.167586 8. 187586 1.308322
1.9672 0.0157298 28, 31375 4.71893% 4.718959 1.930899

1.002245 0.0297B47 S3.61458 8.935264 8.935264 1.219873
1.07875 0.0278099 50.05793 8.342989 8. 342989 1.28908s
2.0836 0.0143961 25.91648 4.319447 4, 319447 7.043208

Bist2 ethytheryiiphthatat 7010001 0.0000000 0.0u0U03 4.000000 0. 000000 6609, 84S

ertclR) B

0.00)7 0.094p72
0.0004 0.094872
0.0047 0.094872
0.0897 0.094672
0 6.0%8672
U 6.084472
O 0.0%4672
0.066 9.0%4872
0.0072 0.094872
6.08%7 0.094412
0,066 0.994472
0.0047 0094572
0 0.0%4872

erf(B) t

0.5205
0.5208
0.5205
0.35205
0.5205
0.5205
0.5205
0.5205
0.5205
0.5205

-0.094)
-0.0944)
-0.094b7
-0.09487
-0.09467
-0.09467
-0.09467
-0.094467
-0.09447
-0.09447
0.5205 -0.0%447
0.5205 - 0.09447
0.5205 -0.09427

erfif) ']

-0,5205 0.904303
-0.5205 ¢.004303
-0.5205 0.004303
-0.5205 0.004303
-0.5205 0.004303
-0.5205 0.004303
-0.5205 0.004303
-0.5205 0.004303
-0,5205 0.004303
-0.5205 0.004303
-0.5205 0.004303
-0.5205 0.004303
-0.5205 0.004303

er it £

9.005 -0.00430
0.003 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.003 -0.00430
6.405 -0.00430
0.005 -0.00410
0.005 -0.00430

erf (E)

-§.603
~0.003
-0.005
-0.003
~0.005
~0.005
-0.005
~0.005
-0.0035
-0.005
~9.005
-0.4005
-0.003

{a

w
24,000
12,000
115,000
550,000
53,000
18,000
1,000
11,000
1,000
26,000
140
420
1,50

c
ppb

-~
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bruget:

Summil Netianal Sate

Con'asinant Trancport Calculstions for Water -Table Aouifer

#y: DB1

Date: 10-Dec -87

SEE IRANSPORT CALCLLATIONS OF 2/25/87 FOR TEKNS, EGUATIONS AND REFERENCES

LOW-VELBCITY CASE

'ES

tiae:

CONTAMINANY

Nethylene (hlaride
1,1-Dschloroethane
1,2-Dichioroethane
2-butanone
1,1,i-Trachloroethane
Trachioroethene
Toluene

Ethyl benzene
Fheno!

Isophor one

2,4 Ciaethylghenc)
Naphthalene

Bistz ethylhe yliphthal at 17080001

v
tiee:
1z

CONTAMINANT

Methylene Chioride
1,1-$ichior oethane
1,2-Dichlorgethane
2-but anove

I, 1.t Trichloroethane
Trichlorcethene
Totuene

Ethyl Beurene

¢ nenol

{suphor one

2,4 Lisethylphenol
Kaptihalene

0.03 ftidey
3650 days
4500 feet

Rd v

1% by’ b’ A

1.23578 0.0238095 ¢3.00L14 7.166860 7.166880 5.58926b

2.94355 0.0101917
1.9513 0.0153743
0. 999141 0.0300558
S.6b2 00052984
7. 1425 0.0042002
16,4335 0.0018233
1.099225 0.027291%
1.9072 0.0157298
1.007245 0.0297842
1.01815 0.427809%
2.083¢ 0.0143581
0. (00000

v.0) tt/day
18250 days
4500 feet

kd v

1.25578 0.0228893
2.94355 0.0101917
1.9513 0.0153743
v, 998141 0.0300558
S.5b2 0.005290¢
1.1425 0. (042002
16. 435 0.0v18233
§.099225 0.027291%
1.9072 0.0152299
Loe?245 0. 0297642
1.47875 0.£21809%
20830 V.uI43Y8I

Bist2 ethylhesyl phthalat17utotul 0. G0Guoud

18. 34519 3.057532 3.057532 0.423227
27.47305 4.612309 4.612309 4.991194
34,10054 9018757 9.014757 4.93%881
9.337265 1.58954¢ 1.589344 12.00752
7.340128 1.200063 1.200063 13. 49819
3.283470 0.547611 0.547611 20.51542
4912352 9.187306 8. 187584 5. 195897
28. 31375 4.718959 4.718959 5.909723
23.00158 9.933264 8.935264 4.963470
$0.05793 8. 342989 8.)42989 5. 145087
2591668 4.319447 4.319447 2.230105
0.0u06003 0000000 0. 000000 20902.16

s’ Dy’ D’ ]

§3.00116 7.166850 7.166860 2.29379)
18.34519 3.057532 3.057332 3.721842
2187385 4.812309 4.512309 2.968831
S4. 10054 9.016757 9.016757 1.988371
§.537285 1.569544 1.589544 5.277219
1.560378 1.260063 1.2600b3 5.954122
3.285670 0.547611 €.547811 9.120381
49.12552 8.187586 8.187588 2.11326)
268.31375 4.718959 4.718959 2.910180
5360058 B.935264 B.935264 1.999924
50,0519 B.342589 8. 342989 2.0B854)
39.71668 4.519447 4319447 3 08057
G.oulou ] 0 G0t v, CoCode 9347734

eric(A) ]

0 0.094672
0 0.094672
0 0.094672
0 0.054672
0 0.094672
0 0.0%4672
0 0.094672
0 0.094672
0 0.094872
0 0.094672
0 0.094872
v 0,094672
U 0.0%4472

erfclf) 8

0.0011 0.094672
0 0.0%4672
0.00004) v.v94672
0.0047 0.0%4672
" ).094672

0 0094672

0 0.u94872

0.003 0.094472
0.0u0ud1 0. H94e)?
0.0047 v w4812
IR MR TN
URIRET LY

Vo avde /!

<

er i (D) C

0.1124 -0.0948)
0.1124 -0.09447
0.1124 -0.09447
0.1124 -0.09447
0.1124 -0.09447
0. 1124 -0.09487
0.1124 -0.09467
0.1124 -0.09487
0.1124 -0.09467
0.1124 -0.09487
0.1124 -0.09487
0.1124 -0.09467
0.1124 -0.09447

ertib) C

1124 -0.09447
1124 -0.09467
1124 -0.09457
1124 0.09487
1124 -0.0944?
1124 -0.09487
1124 -0.0948)
1124 -0.09487
1124 -0, 69487
11246 . v948)
BN ORI
D R TLLTY]
A g one)

srorseoeemeoepe

erfi) ]

-0. 1124 0.004303
-0. 1124 0.004303
-0.1124 0.004303
-0. 1124 0.004303
-0.1124 0.004303
-0. 1124 0.004303
-0. 1124 9.004303
-0.1124 0.004303
-0.1124 0.004303
-0.1124 0.004303
-0, 1124 0.00430)
-0, 1124 0.004303
-0. 124 0.004303

ert(C) ']

-0.1124 0.004303
-0.1124 0.004303
LHI24 0.004303
-0.1124 0.004303
1124 0004303
1124 0. 0064303
1124 0.0G43v}
1124 0.004363
1124 0004302
124 v, 004303
NI R AT
1128y oca s’
RN RL I RITTE T

o

co s m

=

<

<

eri(d 4

0.005 -0.00430
0.005 -0.00430
0.005 -0.0u430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430
0.005 -0.00430

ertiD) t

0.003
0.005
9.003
0. 005
9.005
0.00%
0.003
0,005
v.00S
0,109
0004
[T
0,065

-0.00430
-0.00430
-0.00430
-0.00430
-0.0u430
“Uound B
0.0v430
0.00430
-0.004%0
0.004%0
0. 00430
[QRTIL Y
Coundny

er H{E} [¥]

L
-0.005 24,000

-0.005 12,000
-0.005 115,000
-0.005 450,000
-0.005 53,000
-0.605 18,000
-0.005 27,000
-0.005 11,000
-0.008 7,000
-0.005 26,000
-.005 e
-9.v05 620
-0.005 1,250
ertIE) (o
"o
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[20m Coil Separation Horizontal Coils] (off-site]
PIGURE 12 Borehole Logs - Mw-8 [off-site]
FIGURE 13 Borehole Logs - MW-14 [off-site]
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EXECUTIVE SUMMARY

A multiple-technique geophysical survey was conducted at the Summi:
National Site in Deerfleld Township. Portage County, Ohlioc to evaluate
overall site conditions.

Magnetic data obtained along a 25-foot grid within the site identified
seven possible waste container burial sites. Ground penetrating radar
[GPR]) surveying had limited penetration due to highly conductive surface
materials. GPR test lines identified buried point targets, possibly
barrels, within two of the magnetic anomalies [anomalous zones IV and
vi]).

Electromagnetic surveying along selected profile lines, both within and
adjacent to the site, indicate higher conductivity values associated
with near surface materials and the upper aquifer and lower conductivity
values assoclated with an aquitard at depth. The high conductivity
values indicative of contaminants within the upper aquifer appear to be
migrating eastward more or less along the path of a stream. Lower
conductivity values at depth indicate that the aquitard is slowing the
vertical migration of contaminants. Contoured conductivity values
indicate an eastward migration of contaminants along the top or
possibly within the upper portion of the aquitard.

INTRODUCTION & PURPOSE

A geophysical survey was conducted for SRW Associates, Inc., at the
U.S. EPA Summit National Site located in Deerfield Townshlip, Portage
County, Ohio during the period of October 31 through November 7, 1984.
The multiple-technique geophysical program consisted of magnetometer,
electromagnetic terrain conductivity [EM]). ground penetrating radar
{GPR] and borehole logging surveys.

The general purpose of the multiple-technique survey was to evaluate
the overall site condition in terms of total fleld magnetics, surface
and subsurface conductivity and stratigraphy. The specific objective
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of the magnetometer survey was to determine those locations within the
site where waste containers, drums, barrels, tanks, were buried. One
of the specific objectives of the EM survey was to define a relation-
ship between the general site stratigraphy and conductivity. The
general site stratigraphy consists of surface soils, upper aquifer,
aquitard and lower aquifer. The other objective of the EM survey was
to evaluate the extent of groundwater contamination and the direc:ion‘
of contaminant migration. The specific objective of the GPR survey was
to evaluate the source of the magnetic anomalies. The borehole logging
survey was conducted to define various parameters: resistivty,
conductivity, porosity, temperature, self potential, density and
temperature related to the stratigraphy.

LOCATION & SURVEY CONTROL

The area of 1investigation is shown on Fiqure 1, a segment of the
Deerfield, Ohio United States Geological Survey Quadrangle Map. The
specific locations of magnetic, EM and GPR survey lines are shown on
Figures 2 and 2A. The base map and horizontal control for this survey
were provided by SRW Associates, Inc.

METHOD OF INVESTIGATION

The geophysical field program utilized magnetic, electromagnetic terrain
conductivity and ground penetrating radar and borehole logging tech-
niques. The method of investigation for each technique 1is described is
the following sections.

Magnetometer Survey

Total field magnetic measurements were made using a Geometrics model
G-816 Portable Proton Magnetometer. Total field magnetic readings were
recorded every 10 feet on a 25-foot survey grid in the on-site ares.
Base station data used to correct the survey data for local diurnal
variation was obtained on Line F at Station 6+75. The locations of

metal debris scattered throughout the survey area were noted in field
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data books, since this debris will effect magnetic measurements. A
discussion of the magnetic survey technique is included as Appendix A
to this report.

Electromagnetic Terrain Conductivity [EM] Survey

Conductivity measurements were made on each survey line using both the
EM3] and EM34-3. Measurements were made at 12.5-foot intervals with
the EM3l. The data intervals for the EM34-3 survey were 25-foot and
50-foot, respectively, for the 10 and 20 meter coll spacings. A
complete set of data showing the variation of conductivity with depth
was obtained by making multiple traverses over each survey line. The
EM31 provided information on the conductivity of the near surface
material. EM34-3 data obtained with the 10- and 20-meter coil spacing,
vertical coil configuration. provided information on subsurface conduc-
tivity with increasing depth. The EM34-3 20-meter coll spacing, hori-
zontal coil configuration, provided the maximum depth of penetration
achieved during this survey. The EM34-3 40-meter coil spacing, vertical
coil configquration, survey originally proposed for this site could not
be accomplished due to high levels of electromagnetic background nolse.

The 20-meter coil spacing, horizontal coil configuration., survey was

used to complete the data set.

Table 1 summarizes the exploration depths of the EM31 and EM34-3 for

the various coil spacings and confiqurations used for the survey.

TABLE 1
Approximate Exploration Depth [feet
Intercoll Spacing Vertical Horizontal
Type [meters] coils Coils
EM31 3.7 - 8 - 18
EM34-3 10 20 - 25 40 - 50
EM34-3 20 40 -~ S50 90 - 100

A discussion of the electromagnetic conductivity technique 1s inclucez

as Appendix B to this report.
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Ground Penetrating Radar [GPR] Survey

GPR data were obtained using a Geophysical Survey Systems., Inc.
Subsurface Interface Radar ([SIR] System coupled with a 3006 wMH:z
transducer. Results of the earlier EM31 survey showed high surface
conductivity indicating the GPR depth of penetration would be limited.
However, a test program was conducted in several areas of the site.
These test lines were located in areas of magnetic anomalies and other
areas of primary 1interest. A discussion of the ground penetrating
radar survey technique is inciuded as Appendix C to this report.

Borehole Logqing Survey

Spontaneous Potential {[SP], resistivity, Natural Gamma Ray. Neutron-
Neutron, Density., Caliper, and FPluid temperature and conductivity
geophysical logging techniques were used in borings MWw-8 and Mw-14.

DISCUSSION OF RESULTS

on-Site Area

Magnetometer Survey

Contoured magnetometer survey data [Figure 3] obtained in the on-site
area defined several anomalous zones. These zones are indicated as
I1-VII on the Magnetic Anomaly Map [Figure 4). Metal debris observed on
the surface was noted in the field records and has been accounted for

in the interpretation of magnetic data described below.

Zone 1 1s a relatively broad area centered near the intersection of
Lines 1450 and 8+50. The anomalous zohe consists of several magnetic
highs and lows in an area approximately 125 x 125 feet. The amplitude,
800+ gammas, of the anomaly and extent of this zone indicate a rela-
tively large amount of buried magnetlic material scattered throughout
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this area. The type of material suspected to be buried is probably
similar to that observed at the surface; drums, barrels, cans and
general debris.

Zone 11 1s a relatively small area centered near the intersection of
Lines G+75 and 9+50. The location. size and amplitude of this magnetic
anomaly appears to confirm the suspicion of a buried tank in this area,
an area which colncides with seepage of a tar like material from a
subsurface source.

Zone 111 is a relatively small area centered near the intersection of
Lines F+50 and 9+00. The low amplitude, approximately 250 gammas,
signature of this anomaly is indicative of a relatively small amount of
magnetic material. The anomaly is probably the result of magnetic
debris, barrel covers and rings, observed on the surface at this
location rather than a concentration of buried material such as barrels
or drums. However, there is a possibility of buried material at this
location. '

zbne IV is a broad area, approximately 100 x 100 feet, centered near
the intersection of Lines E+30 and 9+30. Two anomalies consisting of
paired magnetic highs and lows were detected in this area,. The
measured amplitude of the anomaly on the west side of the zone is
greater than 2000 gammas, indicative of a large amounts of magnetic
material concentrated in a small area, possibly a nest of buried
barrels. The source of the anomaly appears to be on Line E near
Station 9+30. The magnetic field at this station was very erratic and
resulted in highly anomalous, nonrepeatable, data.

The anomaly on the east side of the zone has a measured amplitude of
approximately 800 gammas. Although smaller in measured amplitude, the
magnetic signature is indicative of a concentration of material in a
small area. The location of the source of this anomaly is probably
defined by the magnetic high.
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The anomaly at Zone V consisted of a paired high/low magnetic signature
of relatively low amplitude, approximately 500 gammas, covering a small
area centered near the intersection of Lines D and 8+00. Magnetic
material including barrels, steel cable and general debris was observed
on the ground surface in this area. The magnetic material observed in
this area contributes to the anomalous magnetic condition. however, it
is considered probable that more magnetic material is present, buried
in the mounds of dirt and debris at this location.

The anomalous condition in Zone VI, centered near Lines F+50 and 7400,
consisted of a low amplitude, approximately 350 gammas. magnetic high.
The source of the anomaly appears to be an {isolated buried magnetic
object located by ground penetrating radar on Line 6+50 at F+78. The
depth of burial, based on GPR data, is estimated to be two feet.

The anomalous condition in Zone V1I, centered near Lines H+15 and 6+50,
consisted of a paired high/low magnetic signature with an amplitude of
approximately 300 gammas. Although some steel debris was observed in
this area, it is considered 1likely that the anomaly is due to magnetic
material burled at this location.

5.1.2 EM_Surve

The data obtained during the electromagnetic terrain conductivity survey
in the on-site area are shown as composite plots {Figures S and 6].
Data obtained on Line 9+00 indicates conductive surface and subsurface
conditions. A zone of high conductivity was detected from approximately
Line D+50 to Line G with the highest values occurring near Line F.
High conductivity values, particularly near Line F, were measured with
all the #M coil configurations and coil spacing utilized on this site.
This conductive zone generally coincides with the magnetic anomalies,
Zones III and IV, previously discussed. The data indicates a highly
conductive subsurface condition extending to depth. On Line F., the
EM31 data, indicates conductive subsurface condition. The anomalous,
low conductivity values measured on Line P, with the 20-meter coil
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spacing horizontal coil configuration., are probably the result of orien-
tation of the instrumentation with respect to the conductive zone rather
than the presence of a true low conductivity subsurface condition in
this area.

Anomalous EM data were obtained on Line 7+00 at D+75. This location is

adjacent to the reinforced concrete coal tipple structure. The
anomalous EM condition is probably related to the influence of this
structure.

In addition to the specific anomalous conditions previously discussed,
several general observations of conditions in the on-site area are
important. The composite plots of EM data obtained with the various
coil spacings and configuration indicate that terrain conductivity
generally high, 40 to 60 mmhos/m for the near surface material,
decreasing to less than 40 mmhos/m at depth.. The lowest conductivity
values were measured with the EM34-3, 20-meter coil spacing, horizontal

coil configuration. This configuration and coil spacing provided the
maximum depth of penetration achieved for this survey. The composite
data plots also indicate a similarity in the trend of the data obtained

with the EM31 and EM34-3 ([10- and 20-meter coil spacing. vertical coil
configuration). The EM31 data show the conductive nature of the near-
surface materials. The EM34-3 data show relatively high conductivity
co;ditions indicative of contamination extending to a depth which
includes the upper aquifer. Due to the variation in conductivity
across the site and the limited coverage, contaminant migration
pathways could not be 1identified. Data obtained with the EM34-3,
20-meter sp;cing horizontal coll configuration, indicates the materials
at greater depth, within the aquitard, have lower conductivity than
that of the near surface material. In addition, the variation in
conditions in the aquitard vary somewhat from the trends established in
the shallower data. This may indicate that vertical migration of
contaminants in the upper layers is variable or variation in the depth
or stratigraphy of the aquitard layer.
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5.1.3 GPR_Survey

Due to the conductive nature of the surface materials at this site, the
depth of penetration achieved by the GPR on test lines conducted in
several areas was limited to approximately 2 to 3 feet. For this
reason the GPR survey was determined to be inapproproate for this
site. However, GPR test data did locate shallow point targets,
possibly barrels, in magnetic anomaly 2ones IV and VI. The location of
the test lines and anomalous conditions are shown on Fiqure 2A. Test
lines conducted in the area of the scale house showed a large buried
tank adjacent to the scale house on the west side and two smaller tanks
buried side by side adjacent to the scale house on the east side. The
depth to the top of these tanks is estimated to be less than three feet.

GPR test lines in the vicinity of the coal tipple ruins. incinerator
and incinerator stacks were run to determine if tanks were buried at
these locations. Several small shallow targets were detected at these
locations, but signal penetration was very limited. Buried tanks, if
present, were not detected within the depth range of the GPR.

5.2 Off-Site Area
5.2.1 surve

The off-site electromagnetic terrain conductivity survey was conducted
in an area approximately 300 by 400 feet located directly east of the
on-site area. The survey coverage was established to investigate
surface and subsurface conductivity in the vicinity of a small swampy
area and an eastward flowing stream.

The results of the off-site EM survey are shown as data plots on
Figures 6 and 7 and contour maps, Figures 8. 9, 10, and 1l. Composite
plots of EM data obtained with the various equipment configurations are
shown for Line B and the extension of Line J+75 on Figures 6 and 7,

respectively. The order in which the contour maps are presented is
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consistent with increasing depth of penetration for the various EM
equipment configurations. Pigure 8 shows the near surface conditions,
while Figure 11 shows conditions at the maximum depth of penetration.
In general, this set of data shows that conductivity decreases with
depth and significant varliations in contour trends for the various coil

spacings and configurations.

The EM3] data indicate relatively conductive, 25 to S0 mmhos/m, surface
soils. The highest values were measured in the swampy area and in the
vicinity of the stream channel. Surface soil conductivity values are
high in the west decreasing to the north, south and east. Although the
near surface soil conductivity decreases to the east, no specific trend
related to the eastward flowing stream was evident in the contours.
The EM34-3 data obtained with the 10- and 20-meter coll spacing,
vertical coil configuration, are indicative of the conductivity in the
upper aquifer. Available geologic information indicates an upper
aquifer in the overall site area at a depth of approximately 22 to 30
feet. The contour maps [Figure 10 and 1ll] developed from 10 and 20
meter spacings, vertical coil, data indicate subsurface conductivity is
relatively high, 25 to 40 mmhos/m. The measured values are high in the
west, decreasing to the north, south and east. This general trend is
the same as that established by the EM31 data for the near surface
soils. However, unlike the near surface data, the deeper penetration
EM34-3 data defined a trend evident in the contours, which may indicate
-a concentration of relatively high conductivity in the upper aquifer
following the surface path of the eastward flowing stream. At several
locations along Line 7400, the upper aquifer conductivity is higher

than the values measured for the near surface soils.

Data obtained with EM34-3 20-meter coil spacing, horizontal coil
configuration., are 1indicative of the subsurface condition at the
maximum depth of penetration achieved during the survey. These data
indicate lower conductivity at depth. This decrease in conductivity
with depth 1is probably the result of the influence of the material
below the upper aquifer. Available geologic information indicates a
low permeability layer, identified as an aquitard, in the site area at

2009R3 9 e R588

wesion Geophysica



4 depth of 30 to 95 feet. Due to the low permeability of this layer,
the vertical and horizontal migration rate of contaminants into and
through the layer would be expected to be very low. However, the
contours of the deep EM34-3 data, Figure 11, show conductivity values
decreasing from west to east, indicating a possible migration of
conductive contaminants in this layer or that the depth to the aquitard
is shallower to the east. There is no indication in these data of any
specific trend assoclated with the eastward flowing stream as was the

case in the upper aquifer..

5.2.2 Borehole Logqgqing

No direct correlation can be drawn between the stratigraphic sections
and surface electromagnetic measurements because boring Mw-14 is
several hundred feet from the nearest EM survey line and MwW-8 is
located near electromagnetic Line B whose measured condutivity profile
is generally characterless. These boring logs may have information
which will contribute to the overall project and have been included as
Figures 12 and 13.

6.0 CONCLUSIONS & RECOMMENDATIONS

The multiple-technique geophysical survey conducted for SRW Assoclates,
Inc. at the Summit National Site obtained magnetic, electromagnetic,
ground penetrating radar and borehole logging data to evaluate the
overall site conditions. Geophysical data were obtained on 25-foot
spaced grid lines within the on-site area and along selected survey
.lines in the off-site area. The 25-foot magnetic data acquisition grid
provided sufficient data density to locate specific areas where barrels
may be burried; and the wider spacing of EM survey lines is cost
effective in evaluating the overall site conductivity conditions.

Magnetic survey results indicate seven anomalous zones where waste
containers may be buried. Point targets, possibly barrels, were
identified within two of the anomalous zones by the GPR survey. The
electromagnetic survey results indicate that the surface materials and
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upper aquifer are more conductive than the aquitard at depth.
Contoured conductivity values indicate that contaminants in the upper
aquifer are following the surface path of an eastwardly flowing stream
and that the aquitard is 1limiting the vertical nmigration of
contaminants.

It is recommended that the results of this geophysical investigation be
verified with trenching of magnetic anomalies and drilling and sample
analysis of possibly contaminated ground water along the migration path
identified by confoured conductivity data [EM results]. It is also
recommended that the geophysical survey be extended to include all of
the geophysically logged boreholes to allow for direct correlation and
a better overall understanding of site conditions.
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Introduction

The magnetic method is a versatile, relatively inexpensive, geophysical explora-
tion technique. Aeromagnetic surveys and deep water marine studies are commorly
used as a reconnalssance tool for tracing large-scale geclogic structure. Land
and coastal water marine data are more useful in tracing smaller, more localized
geclogic structures, such as mineral and ore deposits. Land and marine surveys
yleld more detall and higher resclution., since the measurements are taken closer
to the anomaly source. Land and shallow water magﬁetic data is commonly used to
locate larger, buried, man-made objects such as pipelines, barrels' or other
buried metal objects, and smaller objects such as involved in archealogical
prospecting.

Barth Magnetism

Magnetics is a “potential field” method. For a given magnetic field, the
magnetic force in a given difection is equal to the derivative of the magnetic
potential in that direction. The source of the earth's magnetic potential is
its own magnetic field and the induction effect this flield has on magnetic
objects or bodies above and below the surface. The earth's field is a vector
quaniity having a unique magnitude and direction at every point on the earth's
surface. This magnetic fileld is defined 4in three dimensions by angular
quantities known as declination and inclination. Declination is defined as the
angle between geographic north and magnetic north, and inclination is the angle
between the direction of the earth's field and the horizontal [Figure l]. The
° Oersted];
the total field ranges from about 25,000 gammas near the equator to 70,000

earth's magnetic field is measured in "gammas” [where ]| gamma = 107
gammas nhear the poles.

The earth’'s magnetic field {s not completely stable. It undergoes long-term
{secular] variations over centuries: small, daily {diurnal] variations [less
than 1% of the total field magnitude]: and transient fluctuations called

magnetic storms resulting from solar flare phenomena.

0150k o] o
Weslon Geocphysics



The earth’'s ambient magnetic fileld is modified locally by both naturally-
occurring and man-made magnetic materials. 1Iron or steel objects act as "local”
dipoles, which are generally oriented differently than the earth's external
magnetic field.

The iron or steel objects represents a local perturbation in the main earth
field. The net field in the vicinity of this perturbation is simply the vector
sum of the induced and earth fields. Thus, the induced field is a function of
the “susceptibllity” of the material, or its ability to act like a magnet,

Remanent magnetization is produced in materials which have been heated above the
Curie point allowing magnetic minerals in the material to become aligned with
the earth's fleld before cooling. The remanent field direction is not always
parallel to the earth's present fleld, and can often be completely reversed.
The remanent field combines vectorially with the ambient and induced field
components. The contribution of the remanent components must be considered in
magnetic interpretations.

nstrumentation

At present, the most widely used magnetometer is the “proton precession”™ type.
This device utilizes the precession of spinning protons of the hydrogen atoms in
a sample of fluid [kerosene. alchohol, or water] to measure total magnetic field

intensity.

Protons spinning in an atomic nucleus behave like magnetic dipoles, which are
aligned [polarized] in a uniform magnetic fileld. The protons initially aligned
themselves parallel to the earth’'s field. A second., much stronger magnetic
field is produced approximately perpendicular to the earth's field by
introducing current through a coil of wire. The protons become temporarily
aligned with this stronger secondary fieid. When this secondary field s
removed, the protons tend to realign ([precess] themselves parallel to the
earth's field direction. The precessing protons will generate a small electric
signal. in the same coil used to polarize them with a frequency [about 2,000 Hz)
proportional to the total magnetic field intensity but independent of the cotil
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orifentation. By measuring the signal frequency. the absolute value of the total
earth field intensity can be obtained to a 1 gamma accuracy. The total magnetic
field value measured by the proton precession magnetometer is the net vector sum

of the ambient earth’'s field and any local induced and/or remanent perturbations.

A total field proton precession magnetometer can be made portable and does not
require orilentation or leveling. There are a few limitations associated with
the precession system. The precession signal can be severely degraded in the
presence of large field gradients [{greater than 200 gammas per foot] are near
60-cycle A/C power lines. Also, the interpretation of total field data is
somet imes more complicated than vertical field data which, however, is more time
consuning to take.

Pleld Technigues}

The field operator must avoid or note any sources of high magnetic gradients and
alternating currents, such as power lines, buildings, and any large iron or
steel objects. Readings are taken at a predetermined interval which depends on
the nature of the survey, the accuracy required, and the gradients encountered.
Base station readings, if required, are usually made several times a day to
check for diurnal variations and magnetic storms.

Interpretation

Lateral variations in susceptibility and/or remanent magnetization in crustal
rocks give rise to localized anomalies in the measured total magnetic field
intensity. Geologic structural features [faults, contacts, intrusions, etc.)
and metal objects will cause magnetic anomalies, which can be interpreted to

define the location of the causative source.

After diurnal effects and regional gradients have been removed, magnetic
anomalies can be studied in detail with derivative operations and frequency

filtering employed to define depth and shape.
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Because it is a potential field method, there are a number of possible source
configurations for any given magnetic anomaly. There is also an {inherent
complexity in magnetic dipole behavior. If the various magnetic field
parameters [inclination, declination, and susceptibility] are well defined., and
some reasonable assumptions can be made regarding the nature of the source, an

accurate source model can generally be derived.

Magnetic anomalies can be analyzed both qualitatively and quantitatively. The
physical dimensions of an anomaly [slope, wave-length, amplitude, etc.] often
reveal enough to draw some general qualitative conclusions regarding the

location and depth of the causative source.

Precise interpretation must be done quantitatively and requires prior knowledge
of earth and remanent magnetic field parameters. Modeling can be performed by
various approximation methods, whereby one reduces the source to a system of
poles or dipoles, or assumes it to be one of several simple, geometric forms
[vertical prism, horizontal slab, step, etc.]. The magnetic properties for this
simplified model can be rather easily defined mathematically. Simple formulas
can be derived which relate readily measurable anomaly parameters, such as

slope, width, and amplitude ratios, to the general dimensions of the anomaly
source, including depth to top., thickness, dip, and width normal to strike.

Since these methods involve very limiting geometric assumptions, the results can

be treated as good approximations only for very simplified sources.
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GENERAL CONSIDERATIONS

The electromagnetic terrain conductivity [EM] survey is a method of obtaining
subsurface information through electric measurements made at the surface of the
earth. The parameter measured Hith this technique is the apparent conductivity
of the subsurface. The conductivity meter consists of receiver coil and a sepa-
rate transmitter coil which induces an electrical source field [a circular eddy
current loop] in the earth [Figure A-1]. Bach one of the current loops generates
a magnetic field proportional to the value of the current flowing within the
loop. A part of the magnetic field from each current loop is intercepted by the
receiver coil and converted to an output voltage which is linearly related to
terrain conductivity. The instrument is calibrated to permit direct reading of
conductivity values in millimhos per meter. The conductivity meter has a vari-
able operating frequency, from 9.8 KHz for the EM31 to a range of 6.4 KHZ to
0.4 KHz for the EM34-3. The measurement precision 1is + 2% of full scale with
a measurement accuracy of + 5% at 20 millimhos per wmeter. The operating
frequency of the EM34-3 decreases as the coll spacing increases. Coil spacings
of 10, 20 and 40 meters are standard with the EM34-3.

Geologic materials have unique electrical characteristics and lateral variations
in conductivity values indicate a change in subsurface conditions. The relative
conductivity of earth materials is proportional to their content of water and
dissolved salts or ions. Accordingly. dry sands and gravels, and massive rock
formations would have low conductivity values; conversely. most clays and mate-
rials with a high ion content would have high conductivity values.

FIELD PROCEDURE POR DATA ACQUISITION
Conductivity measurements are generally made at 10 meter spacings along a survey
line to yield good spatial resoluticn. Readings taken with the EM3] at a height

of one meter above ground surface are sufficiently accurate but for maximum accu-

racy the instrument can be read at the ground surface. Readings obtained with
the EM34-3 are commonly made with the coils in the vertical coplanar configura-
tion. horizontal dipole mode [MDM]. Deeper, approximately 15 meters vs. 1.5
nmeters, penetration with an equivalent coil spacing can be achieved by using the
horizontal coplanar configuration, vertical dipole mode {VDM].
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Ground penetrating radar is an electromagnetic survey technigque that reveals a
graphic cross sectional view of layered material below the ground surface. 1t is

an echo-ranging technique similar to the single-trace reflection method commonly
used in marine subbottom profiling in which reflective layers are traced by echo
patterns generated in response to acoustic impulses. The two techniques differ
in that the acoustic method uses audio frequency sound waves transmitted through
a water medium to the material under investigation. The radar method transmits,
directly to the surface, impulses of radio waves at frequencies up to a thousand

megahertz.

In a radar system [Figure 1], high-frequency impulses of radio energy are
generated by the transmitter. A beam of these impulses is emitted by a speclal
antenna placed in close proximity to the ground so that it couples electromag-
netically to the surface material. EBach impulse propagates downward through the
ground surface and into the material below. At interfaces, part of the signal is
reflected while part is ttansmitied still deeper to be reflected by other layers
or isclated bodies. For each impulse transmitted, a string of reflected impulses
is returned to the antenna in S time sequence proportional to the round-trip
travel time to each reflector. After transmitting the outgoing pulse, the system
instantly switches from the transmitter to the receiver in order to detect the
echo signals. Wwhen operated in the field during data acquisition. a graphic
recorder provides an immediate view of the data. Data enhancement is possible {f
the data are recorded on a magnetic tape recorder for later playback at a slower

speed.

Ground penetrating radar surveys are carried out by pulling the antenna slowly
along a pre-measured survey line. Radar impulses are transmitted in synchronism
with a swept-stylus type graphic recorder. The graphic recorder stylus sweeps
across the paper at a uniform speed and echo signals cause the paper to be
darkened at points proportional to the total travel time to the reflector pro-
ducing the echo. Because the antenna is being pulled forward, each pass of the
stylus represents a slightly different antenna position. As the recorder paper
is pulled under the moving stylus, a pattern of reflective 1interfaces |is
generated.

0124K o1 o
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Pigure 2 shows & typical record and a representation of the radar echo impulses.

The recorder detects the presence of an echo whenever the signal level exceeds a
preset threshold. The paper is darkened to coincide with every exceedance along
any given sweep of the stylus. The pattern of darkened regions on the paper
marks the reflective horizons in the earth. The distance shown on the recorder

paper to any reflector is proportional to its depth below the path of the antenna.

Accurate determination of the depth to any layer requires cali- bration of the
radar system.

The depth to an identified reflector such as a pipe, a barrel or a geologic
feature, 1is the most direct and easiest method available for vertical scale
calibration.

If the depth to an cobserved reflector is not known, a borehole can be drilled to
establish {ts depth. This is a more costly procedure, but it provides an exact
depth calibration at each drill location and also allows propagation velocity and
a4 more precise dielectric constant to be determined. ’

Depth of penetration in a given material is limited by attenuation of the signal.
Attenuation is a function of dielectric loss and of electrical conductivity loss
which, in a given material, will vary with the amount of water, dissclved salt,
temperature, density, and frequency of the radar impulses. Penetration of up to
75 feet has been reported for water saturated sands in a Massachusetts glacial
delta. The antarctic ice shelf has been penetrated to 230 feet. Wet clays., how-
ever, will attenuate the signal within five feet, and sea water is transparent to
less than one foot. 1It is important to note that in a layered material a single.
highly reflective layer alone can limit penetration by preventing the propagation
of energy past it. 1In this case, apparent loss of enerqgy is caused by reflection
rather than by dissipation.

Radar has been ﬁsed to locate underground plpes, foundations, voids, sand, gravel,
peat, and archeological artifacts. Layered structures in soils and hard rock
have been accurately charted in long continuous profiles. The ease with which
modern systems can be used makes ground penetrating radar a logical choice where

rapid and accurate shallow surveys are required.
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TABLE 1

Table of Typical Electromagnetic Constants
for Earth Materials at Radio Prequencles

Material Dielectric Constant
[relative]
Alr 1
Clay 8-12
Presh Water 80 '
Sea Water 80
Granite, dry 5-19
Granite, typical 15
Ice 4
Limestone 7-15
sand, Dry 3
sandstone, 4% water 11
Sandstone, dry S
Soil, 42% water 30
Soil. 8\ water 4
0124 T Y
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APPENDIX H - PUBLIC HEALTH EVALUATION APPENDICES

PHE1 Summaries of Contaminants Found On Site
PHE2 Chemical Toxicity Profiles

PHE3 Estimated Soil Ingestion Rates for Use in Risk Assessments
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Table 1 - Ranking of Selected Chesicals Detected in Surface Soil

"Concentration
Toxizity

Frequency of Minisus Naxiaus Constant (¢} Indicator

Detection (b) (ua/kg) (ug/kg) {kg/ug) Score (d)
Ranking Sased on Potential Carcinogenic Effects
PCBs e i - 590000 2.84E-08  1.4%E-02
arsenic# 40/47 7300 - 33000 2,038-97  T.14E-03
hexachlorobenzene 18 280 - 32000 {.48E-08  35.38E-04
polycyclic aroeatic hydrocarbons (PAHs) 13/47 130 - 1600 2.,288-07  3,43E-04
1,2-dichioroethane b/47 4 - 23000 2.936-09  b.74E-08
bis {2-sthylhexyl) phthalate J4/47 550 - 1400000 2.85E-11 4,00E-05
frichlorosthene 29/47 2- 84000 2.148-10 1.B4E-0S
tetrachioroethene 11/47 { - 4509 4,43E-10  2,04E-0%
chisratora 6/47 2 - 42 2.81E~09 1. 1RE-0T

Toxicity Indicater.

Zanking Based on Noncarvinogenic Zifects Frequency HMinisus Mixisus Constant Score
bis {(Z-ethyihexyl} phthalate J4/47 350 - 1400000 L.I3EST  3.128-491
antisony 10747 16000 - 545000 2.178-07 1.188-01
bariue 47747 47000 - 244000 .04E~07  4,982-02
arsenic 40/47 7300 - 35000 9.008-97  I,15E-02
cadaius 1147 3000 - 112000 2238~ 2.30E-02
nickel 44/47 11000 - 35000 2.138-97 1,198-02
lead 47/47 10000 - 115000 4,46E~08  S.17E-03
trichlcrosthene 28/87 2- 85000 S.24E-08  4,528-03
zinc A7/47 26000 - 903000 5.33E-09  4,28E-03
cogper 47/87 10000 - 47000 3.576-08  2,39E-03
PAHS 13747 130 - 1800 1.33~06 2. 138-93
sercury 22/47 100 - 300 8,21E-07  7.377E-04
hexachiorcbenzene 11/47 280 - 32000 2.00E-08  5,40E-04
vanadiua 47/47 14000 - 52000 7. 14E~09 4,42E-04
ghengl i 290 - 44000 5.02E-09  2,21E-4
toluene 29/47 3 - 250000 2.50E-10 £, 7EE-05
chiorobenzene 147 4,9 - 3500 7 14609 2,37E-93
sthyl benzene 13747 3- 36000 5.528~10 1,898-05
tetrachloroethens I3VL Y] 1 - 4500 4,812-10  2,212-0¢
senzene rafiy ! - 2 S.BSE-09 {.23E-47
dichieraoasthane 3a/47 2- 210 4.60E-1! §,19€-08
1.2-dichloroethane 6/ 47 2- 42 3.80E-10  3.70E-08
diethyl ghthalate 8/47 330 - 1600 1,348-11 2.14E-03
Cvanice /0 310 - 43500
acetone /47 6 - 8200
bervilius 23/4 240 - 1800
iron 47/47 11439000 - 95300000
total xvienes 19/47 ’.e - 210000
hexachloracyciopentadiene 1741 53000
sanganese CAT/AT 29000 - 2520000
isoghorone 387 §00 - 3000
chrosius 47747 10000 - 102000

fa) 1988 curiace ¢oil data
3) Frequency = § detected/dsasnled
{c) USEPH {1986) ‘ ‘

14} indicator scare = saxisusm cancentration X toxicity constant



Table 2 - Ranking of Selected Chemicals Detected in Subsurface Soil

Concentration
. Toxicity

Fraquency of Ninisus Mazisus Constant {c) Irdicator

Detection (b) (ug/kg) {ug/kq) {kq/ug)  Score id)
tanking Based on Potentia] Carcinogenic Effects
'Che (arochlor 1248) 512 %0 - 310000  2,95E-08 8,87E-03
irsenic 26/26 12000 - 27000  2.93E-97 5.4B8E-03
iexachlorobenzens 7128 % - 9000  {.5BE-08 9.91£-04
olycyctic arosatic hvdrocarbans (PAHs) 16724 43 - 530 2,28E-07 1.44E-04
., 2-dichloroethane 8/2% A - 8900  2.93E-99 2.51£-05
.richleroethene 19723 S - 99000  2.14E-10 2.128-09
is {2-sthylhexyl) phthalate 2%/2% 47 - 330000  2.84E-t! 9.44E-0b
| 1-dichloroethene 3125 3- 430 & 14E-09 2.64E-0%
.etrach!orosthene 5728 3- 2500  $.43E-10 [.116-08

joricity Iadizator

tanking Based on Noncarcinogenic Effects Frequency Minisus Maxisus, Canstant Score
bis (2-athylhexyl) ghthalite 25/2% 7 - 330000 2,23E-07 7.36E-02
barius 26/25 35000 - 245000  2,04E-07 5. 008-92
arsspice 26/2% 12000 - 27000 9.00E-07 2.43E-02
nickel 26/28 10000 - 42000  2,13E-97 9,958-03
trichloroethene 19/28 3 - 99000  5.25E-08 5. 21E-03
silver 1128 2500 - 200 1.00E-06 4.208-03
lsad 26/28 12000 - 24000  4,45E-08 3.758-03
cadaius 9728 2400 - 12000 2,23E-97 2.908-43
2ing 26726 34000 - 448000  5,33E-09 2.398-03
cooper 26/2% 22000 - 51000 3.57E-98 1.828-403
hesachlorobenzene 7124 %% - 59000  2.90£~08 1.186-03
velycyclic arosatic hyarscarbons (PAHs) 16425 43 - 530 1.33E-0% 8.33E-04
sercury bi25 84 - fo  7.21e-97 7.362-04
vanadiva 26728 11000 - 26000  7.14E-09 1,358-04
t,1-dichloroethana 8/2% 5 - 4000 135897 J.278-93
ethvl benzene 20/2 § - 76000  3.52E-10 4, 20E~55
chenol b/24 52 - 7800  5.02E-09 372605
chlorobenzene 42 3 - 5200  7.14E-09 3. 7IE-08
taluene 25/24 17 - 140000  2.50E-10 3. 64803
1.2,4-trichlorchensene 4/28 100 - 1400  1,07E-~09 1.30E-09
1,1-dichlorosthene 3th 3- 430  t.BeE-08 2,005-04
t,2-dichiorosthane 8/2 29 - 8900  2,80E-10 7,83E-06
tetrachloroethene 512 3- 2500  4.81E-10 +20E-06
f.i,d-trichioroethane 14/28 b - 24000 J.67E-11 2,818-07
dichlorcasthane 26126 5 - 100 4,60E-11 2.3%E-07
carbon disuifide ?/2 3- 10 2,12E-08 2.128-97
cvanide 312 1100 - 8800
peryllius 23/2% 490 - 1600
acetone 25724 2% - 48000
sanganese 25724 37000 - 583000
tatal xylenes 2842 9 - 270000
iron 25726 16100000 - SOEOOOOD
chromius 26/2b 000 - 732000

1a) 198 sybevrface cpil data
in) Freauency = ¥ detected/#saspled
ic) USESA (1%88)

id) Indicster score = saxisus concentration f toxicity szore
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Taple I - 9anking of

Selected Chesicals Detectad in Broundmater

Concentration
Toxicity
Frequency of Miniaus Maxisus Constant(c)  fndizator
Detection {b)  (ug/l} lug/1) {1/ug) Score (@)
Ranking Based on Potential Circincgenic Effects
1,2-dizhlorosthans 10/23 2- 130000 5.862-09 7.b28400
pelycyclic arosatic nydrogaricns (PAHs) LENA] n §.352-03 3. 50e-01
1,1~dichiorasthyiane 323 ! - 2400 1, 23E-04 3,208
trichloreethylene 23 4§ - 27000 4,298-04 1, 14E-01
arsenic (sj 4§23 12 - 19 4,078-03 7.72£-92
~ bis iZ-sthyihexzyi) chthaiate 19/23 3- 8400 3.7ME-57 ¢4,212-03
Toxicity Ingizarer
Ranking Based on Noncarcinogenic Effects  Frequency Miniaum Maxisus Constant Score
trichlorcathylene 23 4 - 27000 1.00E-03 2. 708404
barius ' 13/23 4.8 - 1550 4.08E-03 4,320
nicksl 1123 12 - 1120 4,25E-03 4,77E+00
t,2-dichlorosthane 10/23 2- 130000 1. 76E-05 2, 295+0
solycyelic arosatic hvdrccarbdons !PAlHs) 1123 77 2.67E-92 2.08E+00
1 1-dichlarcethylene 3 l - 2500 3. 71E-64 7,858
phenol 3123 260 - 7000 1. 00E-04 T.M0E-01
tinc 2 §.5 ~ 3750 1.07E-04 4,016-01
arsenic $2 12 - 19 1.808~02 342831
1,1-dichlgroethane U1 2- 2000 2.58E-03 I 108-31
ethyl benzene 423 { - 11099 1, 10E-05 1.21E-01
toluens 13/23 1 - 20000 5.208-05 100480
i,1,1-trichlorcethane 123 3- 33000 7.33e-07 3.38E-52
dichlorosethane FATF M l - 24000 9.208-97 2.218-02
copoer 223 8.1 - 2 7.14E-04 1. 43E-02
vanadius Tl 7.1 - ) 1. 43E-04 5. 7283
di-n-butyl ghthaiate 923 2- 130 3.91E-25 4,95€-03
isopharane Ry 3- 2500
chrosius na 42~ 53
iron 20/23 u - 982000
acetone WU 1- 1300000
aanganese 19/23 14 - 72200
Bis {2-athvihexvl: 2nthaizte 33 3I- 8600

a) 1986 grouncwater cata
(b) Fraquency = ddetected /dsasgled
lc) USEPA (1986)

{4} Indicator score = saxisus concentration { texicity consignt
{a) AIl setals concentrations are diszolved caoncentratinns



Taale ¢ - Ranking of 3elected Chesicals Detected in Srouncwater
foncentration
Toxicity

Fregyency of %inisus Maxisua Censtant (o) Indicator

fetection {b} lyg/l) iug/ll {ljug})  Scare (&)
Ranking ased on Potantial Carcinogic Effects
1,2-dichiorcethane 10/23 2- 130000 S 04E-0F  T7.5ZE400
polycylcic arosatic hydrocarbons (PAks) 1723 17 §,58€-03  I,50E-01
t,1-dichloroethylene R - 2500 1,238-04 3,20E-0
arsenic (e} 9/23 13 - n 4,078-03 2,933
trichloroathylene §123 4 - 27000 §,298-0% 1,158~
nig (2-ethyihexyl) ahthalate 19/23 3- 3600 S.71E-07 4,31E-03

Toxigity Indicater

Ranking Based on Noncarcinogenic Effects Freauency Minisue Naxisua Constant  Scere
trichlorgethylene 5123 $ - 27500 {.008-03  2,70E+08
barius 20423 12 - 3520 4.086-03  1.34E+01
nickel 0/23 7.3 - 1210 §.25E~03 5. 15E+00
1,2-dichlaoroethane 10,23 2- 130000 1.75E-08 2,2%E+09
EiHs 423 I 2,678~02  2,04E+00
arsenic 923 13 - 72 1.80E-02  1.30E+00
1,1-dichlorcethvlene 323 - 2600 3.TE-04 9,8%E-0L
phencl 5123 %0 - 7500 1.008-04  7,L0E-
zinc AR 24 - 4350 1, 07E-04 | 4,578-31
copper 2420 0.8 - 502 7.148-04  I.382-)
t.1-dichloroethane §/23 2- 120400 2. 88800 3. 10~
lead B 15 - 29 S.93E~04  1,95E-M
ethyl henzene 423 t- 11000 {L10E-08  1.21E-0)
toluene 13/33 {- 20060 5.208-08  1,048-0]
vanadius 15123 5.2 - o 143804 4, 59E-02
i.1,1-trichloroethane "I 3~ £3000 7.338-97  3.38e-02
dichliorosethane pATES b~ 24000 9.208-07  2,21E-22
sercury 923 0.3 - 0.9 1.88E-02 1.53E-02
di-n-buty! phthalate 9 - 130 3.81E-08  4,95E-03
chrosjus 1933 4,1 - 318
his (2-ethylhexyl) ghthalate 19723 3- 3400
aanganese 21233 2t - 47500
heryllius b/23 2.9 - 2
iron W 160 ~ 1020000
isophorcae 13 3 - 2600
acetone ATy & 2- 1300000
cyanide §a 16 - r3s

{3} 1986 groundwater data
{b) Frequency = ¥ detected/¥saspled
{c) YSEPA {1985}

1g) Indicator score = sasiaus concentration I toricity constant
te} Al} aetals concentrations are total concentrations



Table § - Ranking of Selscied Cheaicals Detected in Sedizent

Freguency of

Concentration

Niniaus

Toxicity

Maxiaus Constant (c) Ingdizateor

Detection b} (ug/kg) fug/kg) {kg/ug)  Scocre (4)
Ranking Based on Potential Carcinogenic Eifects
arsenic 10712 14000 - 38060 2.038-07 1.71E-93
PLBs 3/12 4083 - 21000 2.865-03 8.05E-04
solycyelic arosatic hydrocarbons (PAKs) 1112 309 2 2BE-0T  TLO8E-0S
1,2-dichloroethane 1112 3 - 15408 2.°.E~U9 §,37E-03
hexachlorobenzene 112 318 1.88E-08  3,7(£-05
bis (2-ethvihexyl) phthalate 11712 937 - 291808 2.84E-1) 2,35z-4¢
heptachlor epoxide 1112 2.1 4 14E-07  3.35E-08
1,1-dichlcroethene 4112 13 - i3 s.142-09 ¥, 012-0%
vinvl chloride 1712 142 2. 14E-10  2,185-08
henzene mn 10 - 2% 3.382-10  §.835-0%
trichloroetiense 3412 10 - 20 2,14E-10  4,286-49

Toxicity Indicater

Ranking Based on Noncarcinogenic Effects Freguency Ninisus Naxiaus Constant  Score
bis (2-athylhexyl) ohthalate 11/12 997 - 291808 2.238-07  &,51E-42
bariue 12/12 31000 - 170000 2.048-07  3.47:-72
arsepic 10712 14000 - 38000 9.00E-07  3.42e-02
antisony §/12 52000 - 143000 217E-07 T 10E-02
nickei 12112 15000 - 55000 2,138-07  1,38E-02
vinyl chloride 1/12 102 8,772-03 8,301
zinc 12/12 82009 - 1575000 J.33E~09 3,373
tead 1212 23000 - 92000 4,8p2-08  4,10E-03
topoer 12712 34000 - 74000 3,378-08  2,442-00
PAHs 1712 309 1,33E-0¢ 4,115-04
vanadius 11742 13000 - 31000 7.08E-09  2,21E-04
di-n-buty! ohthalate 7112 339 - 5738 1. 90£-09 1. 04E-04
1,2-d4ichloroethane 7112 3 - 16608 8.80E-10  1.46E-2S
hexachlarobenzene 1712 918 "2,00E-98 1, 04E-0F
1,i-dichioroethane N2 53 - 2254 1,266-09  2,92E-4h
chlorobenzene 4/12 8- 329 7.14E-09  2.35E-0%
trichlioroethens 3/12 1o - 20 S.26E-08  1,05E-04
1.1-dichlorcethene 412 i3 - 15 1.88E-08  2,78%-47
benzene 2i12 10 - o] 3.858-09 [, 48E~47
pthyl benzene 2112 20 - 74 5,32E-10  4,03E-08
dichioroasthane 12712 3- 370 4,50E-11  4,008-08
1,1,1-trichicroetnane 912 a7 - 787 J.67E-11 2.3%E-08
taluene 2/12 20 - 74 2.608-10  1,92E-08
chrosius 12/12 10060 - 73000
cvanide T2 2800 - 74000
iron 12/12 31800000 - 145000000
acetone §/12 g - i ]
aanganece 12712 112000 - 28104000
*ntal tvienes un $- 57

(g} i983-9 cediaent data

th) Frepuency = #detected/deagnled
ig) USZRR 11985}

4v Indic

ater zoove = nazisus conlentration ¥ fawicity Zomztant

NS08 - RN



Table 5 - Ranking of Selected Chesicals Detacted in Suréace Water

Concentratien
Toxicity
Freguency of Minisus Maziaus Constant (c) Iadicater
- Detection (b}  (uy/l)  fug/l} (1/ug)  Score (e}
Panking Based on Potential Carcinogenic Effects
arsenic (el 176 25 407503 1.02E-01
0lvcyclic aroaatic hydrocarbons (PAHs) 1/4 3 4,5%E-03 1,37E-92
1,Z-dichloragethane 45 38 - 78 S.35E-05  4.372-03
tatrachlorosthene 174 i 2.852-0¢ JIE-04
1exachloroethane 1/5 14 2.29€-06  3.21E-08
vinyi chloride 174 7 4,298-06  3,002-035
trichloroethene 176 5 4,29€-05 2.378-0%
wg (Z-ethylhexyl) pnihslate /4 - 14 S.TIE-07  7.99%-9e
_ Toxicity Indicator
Ranking Hased on Noncarcinogenic Effects Frequency Minisue  Maxisus Constant Score
taionjus 174 14 1.0SE-01  1,6BE+G0
nickel 5/6 20 - 122 §,288-03 1.37E+00
arsenic 1/4 27 1.30E-02  4,BEE-01
antigony 114 43 43503 L.A7E-01
zing b/h 15 - 1560 107808 1,7BE-91
barius S/4 2.9 - k] 4,088-03  1,39E-d1
cadsiua ¥ 3 445803 1,020t
copper b/& 9.4 - 122 T.18E-04  3,71E-02
PAHs 174 3 A7E-02 G.01E-92
chlorcbenzene /5 2- 39 143E-04  2,48E-03
trichloroethene 1/ 3 100863 &,00E-%3
f,Z-dichiorpethane é/8 3B - 78 LL75g=93  [.378-93
vanadius 174 3.3 LAGE-04 1, 198-03
1,1-dichiorosthane 3/4 - 4 2.586-05  9,77E-04
vinyl chloride 174 7 8.776-05 5. 14E-04
tetrachicroethene 174 24 9.526-06  2.31E-04
hexachloroethane 174 14 5.526-06  9.275-0%
1.1.1-trichloroethane 38 3- 9 7.33E-07  2.13E-03
toiuene M1 { - 2 5.206-04  1,08E-9S
berviliue 174 7.9
chronius MY §.2 - 2
total szyienes 214 !
bis (2-sthylhexyl) ohthaiate a/h 4 - 14
1sophorone 174 4
ranganese b/ 22 - 7880
iron 5/ 857 - 131060
acetene alb 15 - 47

{a) 1986 onsite and downstream surface water data

ib) Freguency = # detected/¥ sampled
ic) LSEFA {19BS)

14) indicator zcore = saxisum concentration X toxicity constant
@) Metals concentrations are dissolved concentrations
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INTRODUCTION

Acetone is a widely used industrial solvent that is fourd in paints,
varnishes, and lacquers. The rapid evaporation rate of acetone makes it
useful for cleaning and drying precision parts.

(N

PHARMAQOKINETICS

Several studies in mmans and animals indicate that acetcne is absorbed
through the cral and pulmonary routes of exposure (EPA 1984). Orally
administered acetcne is eliminated through the expired air and in the urine
(EPA 1984). ¢

QUALITATIVE DESCRIPTION OF HEALTH EFFECIS

Acetone has not been tested in a carcinogenicity bicassay but was found to be
normutagenic in microbial assay systems and cell transformation systems (EPA
1984) . Acetone gave negative results in assays that tested for chromoscomal
aberrations, sister-chramatid exchange, INA cell binding, and point mutation
in mouse lymphama cells (EPA 1984).

No changes in clinical chemistry variables or histological changes in the
liver, brain, kidneys, lungs, or heart were found in rats exposed to acetone
vapors at levels of either 0 or 19,0000 ppm for 3 hours/day, 5 days/week for
8 weeks. Slight decreases in crgan weights and body weights were cbserved in
rats killed dxring exposure but not in rats killed 2 weeks after exposure
(Bruckner and Peterscn 1981).

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS

Based on EPA quidelines for the assessment of carcinogen risk (EPA 1986),
acetone is most appropriately classified Group D—Not Classified. This



category applies to agents for which there is inadequateevidence of
carcinogenicity from human and animal studies.

EPA (1984) determined an acceptable intake subchronic (AIS) of 2,096 mg/day
for acetone based an the inhalation study in rats by Bruckner and Peterson
(1981) using a no-cbserved-adverse—effect level (NQAEL) OF 19,000 PEM.

The American Conference of Goverrmental Industrial Hygienists (ACGIH 1986)
recammended a time-weighted average threshold limit value of 750 ppm

(1,780 my/m3) for occupational exposure to acetone. The Naticnal Institute cf
Ocaupational Safety and Health (NIOSH 1978) recammended an exposure limit of
250 ppmm for acetone.
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ANTIMONY

INTRODUCTION

Antimony (Sb) is a brittle, silver-white metal with specific gravity 6.68,
atomic number 51, and an atomic weight of 121.75 g/mole. In campounds,

. antimony exists in the +3 and +5 oxidation states; the most important

S campound in commerce is Sb504 but tri-and penta-sulfides and -chlorides
are also commonly utilized. Antimony compounds are utilized in therapeutics
for schistosomiasis and other parasitic infections.

QUALTITATIVE JESQRIPTION OF HEALTH EFFECTS

The incidence of lung cancer deaths in smelter workers at the Newcastle- |
upon-Tyne (Great 3ritain) antimony and zircon works was slightly higher -
than expected (NICGSH 1978). However, definitive conclusions on the carcino-
genicity of antimony could not be developed because the sample size was
small, workers may have been exposed to other agents, and only two workers
were nonsmokers. Presently available experimental studies with animals

do not implicate antimony as a carcimogen.

A single report (Balyeava 1967) indicated an increase in late occurring
spontaneous abortions (12.5% vs. 4.1% expected), premature births (3.4%
vs. l.2% expected), and gynecmlogical pxoblems (77. % vs. 563 expected)
in 318 female workers exposed to mixed dusts of antimony metal, 33203
and SbZSS' when compared with a control population. Studies reported

by the same author, in which rats were administered 50 mg/kg antimony
intraperitoneally or 250 mg/m3 3:203 dust 4 hr/day up to day 15 of gestation
reported reduced litter sizes and abnommalities of the uterus and ovaries
which were believed to complicate ovulation and implantation (Balyeava

1967) . Casals (1972) observed no fetal abnormalities when 125 or 250 mg/kg
antimony dextran glycoside was administered to pregant rats, although -
other reports indicate reduced rate of growth when rats were fed a diet

containing 2% 33203 (Gross et al. 1955), and a shortened life span of



rats provided 5 ppm potassium antimony tartrate in drinking water (Schroeder
et al. 1970).

Cardiovascular changes associated with exposure to antimony cepresent

a serious health effect. Exposure to either trivalent or pentavalent
antimonial compounds can produce electrocardiogram (BECG) changes in humans.
Histopathological evidence of cardiac edema, myocardial fibrosis, and
other signs of myocardial structural damage indicates that antimony may
produce even more severe, possibly permanent, myocardial damage in humans.
rarallel findings of functional changes in EQG patterns and of histopatho-
logical evidence of myocardial structural damage have also been obtained

in animal toxicity studies. Pneumoconiosis in response to inhalation
exposure and dematitis in response to skin exposure have also been observed
among individuals exposed to antimony or its compounds. ¢

QUANTITATIVE DESECRIPTION COP HEALTH EFFECTS

EPA (1986) calculated a reference dose (RfD) for oral exposure to antimony
of 0.4 ug/kg/day (28 ug/day for the average person weighing 70 kg) based

on a chronic oral biocassay in rats conducted by Schroeder et al. (1970).

In this study, rats administered 0.35 mg/kg/day antimony in their drinking
water exhibited decreased longevity and altered blood glucose and cholesterol
levels. EPA used this study and an uncertainty factor of 1,000 to arrive

at the RfD of 0.4 ug/kg/day.

NIOSH recommends a standard of 0.5 mg/m3 in its Criteria Dccunent (NIOSH
1978) for protection of wockers from ECG alterations, demmatitis, mucous
membrane irritation, and possible pneunoconiosis. The American Conference
of Goverrmental Industrial Hygienists (ACGIH) recammends a time-weighted
average Threshold Limit Value (TIV) of 0.5 mym3. However, there is uncer-
tainty associated with this standard because of a report of increased

lung cancer among workers in one smelter exposed to Sb (Davies 1973) and
also reported spontaneous late abortions and premature deliveries among



Soviet wamen workers in antimony smelting and processing (Balyeava 1957
as cited in Stokinger 1981).

Only occupational guidelines for exposure to airborne antimony were available.
Therefore, a reference concentration for antimony was calculated using

the procedures outlined by EPA in their health effects assessment documents.
The TLV of 0.5 mg/m> is multiplied by 10 m>/20 m> to adjust for the differancs
in breathing rates between workers (10 a3 for an 8-hour workday) and tne

3 for 24 hours exposure) and by 5/7 to adjust for

a 5 day workweek. This adjusted TLV is then divided by an uncertainty

average person (20 m

factor of 100 to protect individuals in the general population who may

be especially sensitive to the chemical agent and to compensate for differ-
ences in exposure duration (workers are exposed for less than their full
lifetime; the average person is assumed to be exposed for their full lifetime).
3ased on this calculation, the reference concentration for airborne antimén;:
is 1.8 ug/m3.

EPA (1980) has established an Ambient Water Criterion (AWQC) of 146 ug/lit=r
for the protection of human health fram the toxic effects of antimony
ingested through water and aquatic organisms and a criterion of 45 mg/liter
for antimony exposure through the ingestion of aquatic orjanisms only.
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BARIUM

NTR TION

Barium is a reactive metal which exists in nature as a number of salts such as
barium sylfate (BaSO4) and barium carbonate (BaC03) (EPA 1984). These
mineral forms are relatively insoluble in water (EPA 1985a).

PHARMACOKINETICS

In experimental animals, barium absorption varies with the species of animal,
the compound tested, the age of the animal, and the dietary composition (EPA
1985a). Barium was found to distribute widely in the mouse but was
principally found in the bone (Dencker et al. 1976). In humans, barium is i
primarily excreted via the feces (Tipton et al. 1966).

QUALITATIVE QESCRIPTION OF HEALTH EFFECTS

Barium carbonate and more soluble barium compounds are quite toxic to humans.
Ooses of barium carbonate and barium chioride of 57 mg/kg and 12 mg/kg,
respectively, were fatal when ingested by humans. Toxic effects of ingestion
include gastroenteritis, muscular paralysis, hypertension, cardiotoxicity
including ventricular fibrillation, and damage to the central nervous system
(Perry et al. 1983). Inhalation of barium sulfate or barium carbonate dust
causes baritosis, a benign pneumoconiosis, in occupationally exposed workers.
This effect is reversible upon cessation of exposure.

No information on the carcinogenicity, teratogenicity, mutagenicity, or
chronic toxicity of barium compounds was found in the literature reviewed.

ANTITATIV T H FECT

Using the EPA Carcinogen Assessment Group's criteria for evaluating weight of
evidence of carcinogenicity in humans (EPA 1986), barium is most appropriately



classified in Group D--Not Classified. This category applies to agents with
tnadequate animal evidence of carcinogenicity.

EPA (1976) has established a maximum contaminant level (MCL) drinking water
standard of 1 mg/liter for barium.

EPA (1985b) recently calculated an acceptable daily intake (ADI) for barium
based on a study by Perry et al (1983) in which rats were exposed to !, 10, or
100 mg/1iter barium in drinking water for 1 to 16 months. A
lowest-observed-adverse-effect level of 100 mg/liter (5.1 mg/kg/day) was
identified based on the occurrence of hypertensinogenic and cardiotoxic
effects. Applying an uncertainty factor of 100 (10 for interspecies
extrapolation and 10 for sensitive individuals), an ADI of 0.051 mg/kg/day was
recommended. An uncertainy factor of 100 rather than the traditional ~
1,000-fold factor was used because of the minimal exposure of the rats to g
trace elements (e.g., calcium) in the experiment. EPA (1985b) determined that
this lack of calcium could contribute to the hypertehsinogenic effects
observed. Based on the ADI of 0.051 mg/kg/day and factoring in data on human
exposure (0.7 mg/day via diet and 0 mg/day via air), EPA (1985b) recommended a
maximum contaminant level goal (MCLG) of 1.5 mg/liter.

The American Conference of Governmental Industrial Hygienists (ACGIH 1986) has
recommended a time-weighted average threshold 1imit value of 0.5 mg/m3 for
soluble compounds of barium and 10 mg/m3 for barium sulfate as a nuisance
dust.
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BIS(2-ETHYLHEXYL)PHTHALATE

NTR TION

Bis(2-ethylhexyl)phthalate (DEHP) is widely used as a plasticizer, primarily
in the production of polyvinyl chloride resins (EPA 1980). Polyvinyl chloride
resins are used in construction materials, home furnishings, transportation,
apparel, and food and medical packaging materials.

PHARMACOKINETICS

The primary route of exposure to DEHP is via inhalation; ingestion of DEHP
from surface water and from foods and beverages packaged in polyvinyl chloride
products can also occur. Dermal absorption of DEHP is also likely (EPA 1980).

DEHP and its metabolites are readily absorbed from the gastrointestinal tract,
intraperitoneal cavity, and lungs. The absorption, distribution, and
elimination of DEHP can be influenced by the vehicle in which it is
administered (EPA 1980).

Absorbed DEHP is distributed to various organs and tissues in animals and
humans, primarily to the lungs, heart, liver, kidney, gonads, and spleen.
Excretion of DEHP occurs in urine and feces; excretion into bile also occurs
and can increase the amount of DEHP (or metaboiites) in the intestine (EPA
1980).

ALITAT FECT
CARCINOGENICITY
DEHP is reported to be carcinogenic in rats and mice, causing increased

incidences of hepatocellular carcinomas or neoplastic nodules following oral
administration (NTP 1982).



MUTAGENICITY

The results of dominant lethal experiments in mice suggest that OEHP is
mutagenic when injected intraperitoneally (Singh et al. 1974). However, most
experiments conducted with microorganisms and mammalian cells have failed to
demonstrate genotoxic activity (EPA 1980).

TERATOGENICITY/REPRODUCTIVE EFFECTS

Singh et al. (1972) reported dose-related gross or skeletal abnormalities in
mouse fetuses from pregnant females injected intraperitoneally with 5 or

10 ml/kg DEHP. Nikonorow et al. (1973) orally administered 0.34 and

1.70 g/kg/day DEHP to pregnant rats during the gestation period and reported a
reduction in fetal weight and increased number of resorptions. Other
reproductive effects, including testicular changes in mice and rats, have also
been reported (NTP/IRLG 1982). ¢

ACUTE/CHRONIC TOXICITY

DEHP appears to have a relatively low toxicity in experimental animals. The
oral, intraperitoneal, and intravenous LD50 values reported for DEHP in rats
are 31.g/kg, 30.7 g/kg, and 0.25 g/kg, respectively. DEHP is poorly absorbed
through the skin, and no irritant response or sensitizing potential from
dermal application has been note in experimental animals or humans (NIOSH
1985, NTP/IRLG 1982, EPA 980).

Chronic exposure to relatively high concentrations of DEHP in the diet can
cause retardation of growth and increased liver and kidney weights in
experimental animals (NTP/IRLG 1982, EPA 1980).

TITATIV

Applying EPA's criteria for evaluating the overall weight of evidence of
carcinogenicity (EPA 1986a), DEHP would be most appropriately classified in
Group B2--Possible Human Carcinogen. This category applies to agents for



which there is inadequate evidence of carcinogenicity in humans and sufficient
evidence of carcinogenicity in experimental animals.

Because DEHP has been identified as a hepatocarcinogen in 86C3F] mice and
F344/N rats (NTP 1982), it is prudent to consider the potential
carcinogenicity of this compound. Using the NTP (1982) data for male mice,
EPA (1986b) recently calculated an oral cancer potency factor (q]‘) of
6.86x10~% (mg/kg/day)™".

More recently, EPA (1986b) recommended a reference dose (RfD) of

0.02 mg/kg/day for DEHP. This value was based on a study by Carpenter et al.
(1953) in which guinea pigs were fed diets containing O, 0.04, or 0.13% DEHP
for 1 year. No treatment-reiated effects were observed on mortality, body
weight, kidney weight, or on gross pathology or histopathology of kidney,
liver, lung, spleen, or testes. Statistically significant increases in _
relative liver weights were observed in both groups of treated females (64 ind
19 mg/kg/day). Using 19 mg/kg/day as the lowest-observed-adverse-effect level
and a safety factor of 1,000, the RfD of 0.02 mg/kg/day was derived.

EPA (1980) derived an acceptable daily intake (ADI) for DEHP from the results
of a chronic ingestion study in rats, quinea pigs, and dogs. Although details
of this derivation were not presented, an ADI of 0.6 mg/kg/day (42 mg/day) was
calculated. Based on this value, EPA recommended an ambient water quality
criterion (AWQC) of 15 mg/1iter for protection of human health from the toxic
properties of DEHP ingested through water and contaminated aquatic organisms.
The AWQC for exposure to DEHP in drinking water alone would be 21 mg/liter.
The lower value of 15 mg/1iter was used to back-calculate an acceptable intake
chronic (AIC) of 0.86.

SUMMARY OF DEHP CRITERIA

EPA carcinogen classification Group B2
Oral cancer potency factor (q1*) 6.86x10-4 (mg/kg/day)-!
RfD 0.02 mg/kg/day



AWQC:

Ingestion of water and aquatic organisms 15 mg/liter
Ingestion of water 21 mg/liter
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CGADMI M

INTRODUCTION

Cadmium is an elament of the transitional metal series that occurs widely
in nature, usually in lead or zinc ores. Elamental cadmium is insoluble
in water, although many cadmium salts are quite soluble (EPA 1985 a,3).
The general human population is exposed to cadmium in drinking water and
food; cigarette smoke also oontains high levels of cadmium. Additional
inhalation exposure occurs in industrial settings (EPA 198S5a,b).

QUALTTATIVE DESCRIPTION CF HEALTH EFFECTS

The toxicology of cadmiun has been reviewed by Friberg et al. (1974), f
IARC (1976) , and EPA (1980, 1981, 1985b,c). Injection of cadmium into
laboratory animals results in injection-site sarcomas and testicular tumors
of the Leydig cells (EPA 1981). A relationship between human exposure

to cadmium and cancer of the prostate, lung, or kidney has been suggested
by several epidemiological studies (Thun et al. 1985, EPA 1985b). Cadmium
may impair DNA repair but has not been shown to be mutagenic. It i3 a
well-docunented animal teratogen.

Cadmnium biocaccumulates in mammals, particularly in the kidney and liver

(EPA 1981, 1985c). Epidemiological studies have revealed an association
between nommalignant pulmonary diseases and inhalation of cadmium. Renal
tubular dystu;ctian. of which the first sign is proteinuria, occurs at

lower levels of oral or inhalation exposure to cadmium and may be the

primary defect responsible for the bone damage characteristic of Itai-Itai
disease. It is also suspected that chronic exposure to cadmium produces
hypertension, anemia, sensory loss (particularly smell), endocrine alterations,
and immunosugpression in humans.



JANTITATIVE DESCRIPTION OF HEALTH EFFECTS

.

INGESTION TOXICITY

The maximum contaminant level (MCL) established for cadmium by ZPA in

its national interim primary drinking water standards and the Ambient

Water Quality Criterion for the protection of human health are both 10
ug/liter (=PA 1980, CFR 1984). EPA established the standard for cadmium

on the basis of the "generally accepted"” estimate of 200 ug/g wet weight

of cadmiun in the renal cortex as the critical concentration for renal
toxicity. Friberg et al. (1974) estimated that daily ingestion of 230-330 i3
cadmiun over 50 years would result in such renal concentrations. Other

more recent reviews suggest that 200 ug/day is an acceptable daily Limit -
for cadmium intake. 5_

Maximum Contaminant Level (RMCL) of 0.005 mg/liter. The proposed RMCL

is based on the estimate of 200 ug/g wet weight of cadmium in the renal
cortex as the critical concentration for renal toxicity (Freiberg et al.
1974) and a 25% contribution to daily exposure fram drinking water. The
proposed RMCL is camparable to the NAS and WHO guidelines of 0.005 mg/litar
(EPA 1985a).

Aughey et al. (1984) reported that treatment of male Wistar rats for only
24 weeks with 50 mg/liter cadmium in their drinking water produced clear
symptans of nephritis when the accumulated renal concentration of cadmium
was 60 ug/g wet weight. This last concentration is less than one-third
the 200 ug/g wet weight identified as the critical lewvel in humans.

Cadnium and same of its compounds are known to be carcinogenic in experimenza.
animals exposed by injection or inhalation, but the carcinogenic effects

are absent when cadmium is administered orally (EPA 198%b). It is not

known which cadmiurm compounds are responsible for the inhalation carcinoge-. :
effects in humans. ‘



INHAIATION TOXICITY

TZPA (1981) has reviewed the health risks posed by airborne cadmium compounds
in considerable detail, while studies on the carcinogenicity of cadmium
compounds have been reviewed by the IARC (1376) . Both reviews were updatad
by EPA (198%) , which also presented a risk assessment for exposure to
airborne cadmium.

Applying the criteria described in EPA's Guidelines for Assessment of
Carcinogenic Risk (EPA 1986) , cadmium has been classified by EPA (1983a)
on the hasis of inhalation data in Group Bl--Probable Juman Carcinogen.
This categdty applies to agents for which there is limited evidence fram
hunan studies and sufficient evidence fram animal studies (EPA 1984).

Lo,

The evidence that exposure to airborne cadmium campounds increases the
risk of cancer in humans is characterized as limited (IARC 1982, EPA 1985Sb).
Although several studies of exposed workers have suggested that airborne
cadmium increases the risk of cancer of the lung or prostate, most of

the results have been inconclusive because of amall sample sizes, lack
of statistical significance, confounding effects of other exposures, or
octher factors. The most recent study (Thun et al. 1985, however, showed
a significant increase in the number of lung cancer deaths (16 observed
versus 6.99 expected) among a group of caduium smelter workers. Although
this finding may be samewhat confounded by the effects of amoking and
exposure to arsenic, EPA (198%D) concluded that neither of the latter
was sufficient to explain the observed effect.

EPA (198%) based its quantitative risk assessment for inhaled cadmium

on the study by Thun et al. (1985). Very scanty information on exposure
levels and incamplete information on exposure duration were used to campile
a single average measure of cumulative exposure of the exposed workers.

This was converted to a lifetims average exposure level. The extent of

the deviations of the exposure estimates fram the actual exposure is unknown.
Use of the lifetime average ex:néu:e level in the risk calculations incor-
porates the questionable assuﬁption that exposure to cadmium at any time



during life would lead to the same increase in lifetime risk of lung cancer.
The data were then fitted to a model which assumed that the effect of
exposure to cadmnium would be to increase the background rate of lung cancer
by a factor proportional to the lifetime average exposure level. The
selection of this model was arbitrary, in that no information on the dose-
response relationship was provided between exposure and induction of lung
cancers, and excess risk is likely to be very conservative. The best
estimate of the exposure and response of the exposed mopulation gave rise
to a "unit risk® estimate of 1l.8x107> (ug/m3)"l. However , because of
uncertainties in the estimates of both exposure and response, the range

of uncertainties in the wnit risk estimate was very wide, ranging fram
4.3x107% to 3.8x1072 (ug/m3)'l. The last figure was obtained by cambining
"worst case" estimates of all exposure and risk parameters, and probably.
represents a "worse than worst case” calculation. :

Given the severe limitations of the available date, this quantitative

risk assessment appears as reasonable as ocould be achieved. However,

the estimate of "unit risk" is extremely uncertain and probably extramely
conservative. The study itself is not regarded as fully conclusive in
showing any increased cancer risk and at least part of this is attributabla
to confounding factors. The exposure estimates are very uncertain, the
assumption of a linear exposure response relationship is arbitrary, and

the extrapolation over a range of S orders of magnitude in dose is very
tenwus. Thus, the estimate of "unit risk" presented by EPA (1985b) could
be inaccurate and is likely to be conservative when applied to general

population exposure.

Recent studies have firmly associated inhalation of airborne cadmium with
lung cancer in animals. In a bicassay in which male Wistar rats were
administered cadmium chloride aercsols 23 hours/day for 18 months at con-
centrations of 0, 12.5, 25, and SO ug/m3, Takenaka et al. (1983) found

a highly significant dose-response relationship. The incidence of lung
carcinamas was 0/38, 6/39, 20/38, and 25/35 in the four treatment groups.
This marked response adds further support to the evidence on the carcinogeni-
city of inhaled cadmium and justifies the use of Thun et al.'s (1985)



data as the basis for risk assessments of airborne cadmium, Like the
injection-site sarcomas and Leydigomas reported in animals (EPA 19830),
these lung carcingmas might be interpreted as carcinogenic responses in
the directly exposed tissue only.

The American Conference of Govermmental Industrial Hygienists (ACGIY 1986)
recamends a time-weighted average Threshold Limit Value (TLV) of 0.05
mg/m3 for all forms of cadmium dusts and salts and a ceiling limit of
0.05 mg/m3 for cadmium oxide fume.

SUMMARY

Cadmium has not been demonstrated to be a systemic carcinogen, but it :

has been shown to be a highly potent pulmonary carcinogen (see Takenaka 5.

et al. 1983) and renal effects are associated with ingestion. For inhalation,
the unit risk value of 1.8x10™> (ug/m3)~! is an appropriate basis for

risk assessment. This unit risk was derived fram epidemiological data

and does not incorporate any conservative assumptions (except that the
Jose~response relationship is linear), but it is subject to a wide range

of uncertainty. For ingestion, the calculations upon which the MCL and
ambient water quality criterion are based are equally applicable to ingestion
via soil or other media. Based on the assesament of Priberg et al. (1974),
daily ingestion of 20 ug cadmium (in addition to background exposure via

food) would contribute between 63 and 8% of the estimated critical daily
intake of cadmium. This intake of 20 ug/day fram other than normal dietary
sources was iqtm&d to xovide an ample margin of safety, but Aughey

et al.'s (1984) study suggests that it may not be as conservative as originally
intended. The EPA Office of Drinking Water has recently pramulgated a
proposed Recomnmended Maximum Contaminant Level of 5 ug/liter for cadmium
(EPA 1985d). This value is based on a reference dose of 5x10™4 mg/kg/day
after allowing for contribution to daily exposure by other routes.



Sumary of Cadmium Criteria

ZPA carcinogen classification Group 31

Oral chronic allowable intake x10™4 ag/ k3/day
Inhalation carcinogenic potency (qI) 6.1 (mg/kg/day)'l
Maximum Contaminant Level (MCL) 10 ug/liter
Proposed RMCL 5 ug/liter

EPA Drinking Water Health Advisories

Lifetime Health Advisory (HA) 5 ug/liter
Longer—-term HA
child 5 ug/liter
Adult . 18 ug/liter X
Shorter-term HA "
10-day HA (child) 8 ug/liter
One-day HA (child) 43 ug/liter
AR
Ingestion of water and aquatic organisms 10 ug/liter
Freshwater aquatic life chronic toxicity exp(0.7852(1ln hardness)-3.43C)
REFERENCES

AMERICAN OONFERENCE (P QOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH). 1986.
Documentation of the Threshold Limit Values and Biological Exposure
Indices. Sth ed. Cincinnati, Ohio

AUGHEY, E., FELL, G.S., SQOTT, R., and 3LACK, M. 1984. Histopathology
of early effects of oral cadmium in the rat kidney. Environ. Health
Perspact: 54:153-161

CODE (P FPEDERAL REGULATIONS (CFR). 1984. 40 CFR 141, Envirommental Protec-
tion Agency, National Interim Primary Drinking Water Regulations.
U.S. Govermment Printing Office, Washington, D.C.

ENVIRONMENTAL PROTECTION AGENCY (EPA). 1981. Health Assessment Document
for Cadmium. Research Triangle Park, North Carolina. EPA 600/8-81-023.

ENVIRONMENTAL PROTECTION AGENCY (EPA). 198%5a. National primary drinking
water requlations; synthetic organic chemicals, inorganic chemicals
and microorganiams; proposed rule. 40 CFR Part 141. Fed. Reg.
50(219) :46936-47025 (November 13, 1985)



ENVIRONMENTAL ?ROTECTION AGENCY (EPA). 198Sb. Updated Mutagenicity and o
Carcinogenicity Assessment of Cadmium. Addendum to the Health Assessment
Document for Cadmium (May 1981; EPA/600/8-81/023). Office of Health
and Envirormmental Assessment, Washington, D.C. June 1985. E=2A 600/3-33-
Q25F

ENVIRONMENTAL PROTECTION AGENCY (EPA). 1985¢c. Drinking Water Criteria
Document for Cadmium (Final Draft). Office of Drinking Water, Washington,
D.C. April 1985. PB86 117934/a8

ENVIRONMENTAL PROTECTION AGENCY (EPA). 1985d. wWater quality criterzia; —
notice of final ambient water quality criteria docuuents Fed. Reg.
50:30784~-30796. (July 29, 1985)-

EVIRONMENTAL PROTECTION AGENCY (EPA). 1986. Guidelines for carcinogenic
risk assessment. Fed. Reg. 51:33992-34003. (September 24)

FRIBERG, L.T., PISCATOR, M., and NORIBERG, G. 1974. Cadmium in the Environ-
ment. 204 ed. CRC Press, Cleveland —

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER (IARC). -1976. IARC Monographs
on the Carcinogenic Risk of Chemicals to Man. WVol. ll: Cadmium,
Nickel, Same Epoxides, Miscellaneous Industrial Chemicals, and General
Consideraticns on Volatile Anaesthetics. World Health Organization,
Lyon, Prance. Pp. 39-74

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER (IARC). 1982. IARC Monograpns -
on the Evaluation of the Carcinogenic Risk of Chemicals to Humans.
Vol. 29: 3ame Industrial Chemicals and Dyestuffs. World Health
Organi zation, Lyon, France

TAKENAKA, S., OLDIGES, H., KOENIG, H., HOCHRAINER, D., and OBERDOERSTER,
G. 1983. Carcinogenicity of" czdmun chloride aerosols in W rats.
INCT 70:367-373 _

THN, M.J., SCHNCRR, T.M., SMITH, A.B., HALPERIN, W.E., and LEMEN, 3.A.
1985. Mortality among a cohort of U.S. Cadmium-goduction workers - An
update. JNCI 74:325~333 -



INTRODUCTION

Chranium is a steel-grey lustrous metal with the atamic number 24 and
an atanic weight of 52 g/mole. It can have a valence of 2, 3, or 6.
Chramium is used in stainless and alloy steels, in corrosion-resistant
products, in pigments, and as a tanning agent for leather.

JUALITATIVE DESCRIPTION CF HEALTH EFFECTS

Shromium is an essential nutrient for normal glucose metabolism, and low
level exposure to chramium compounds has not been found to result in syste::ni:
toxicity. However, hexavalent chramium (Cr VI) canpounds are strong oxidi“zing
agents, a characteristic that explains much of their irritating and toxic
properties (EPA 1980) . ~hronic inhalation of dust or air containing Cr

VI in the form of chramic acid or as soluble salts may cause respiratory
problems including irritation, perforated or ulcerated nasal septa, and
Jecreased spirametric values. Studies of acute exposure of humans and
aninals using a variety of routes of administration have indicated that
soluble Cr VI and trivalent chramium (Cr III) compounds can produce kidney
and liver damage, although the dose levels employed were relatively high.
Fram the evidence available fram both human case reports and animal studies,
it is wncertain whether the kidneys and liver may be target organs following
chronic exposure to chramium compounds. Dermal exposure to chramic acid

or chramium VI salts may cause contact dermatitis, sensitivity, and ulceration
of the skin (EPA 1984a).

Epidemiological studies of worker populations have clearly established
that inhaled Cr VI is a human carcinogen, with the respiratory passages
and the lungs as target organs. <Convincing evidence for carcinogenicity
of Cr VI campounds in animals is not available, except for the induction
of sarcomas at the sites of implantation or injection of certain chramium
VI salts and chramium trioxide (EPA 1980, 1984a).



Neither chramium III or chramium IV compounds have been shown to be carcino-
genic by the oral route. Rats administered chromium III oxide at doses

up to 5% of their diet for two years had no increase in tumor rates over
control animals (Ivankovic and Preussmann 1975 as citad in EPA 1984a).

Dogs given Cr VI as potassium chramate at concentrations of 0.45 to 11.2
mg/liter in drinking water for 4 years had no observed adverse effects
(Arwar et al. 1961 as cited in EPA 1984a).

QUANTITATIVE DESCRIPTION CF HEALTH EFFECTS

The health risks posed by airborne chramium III and chramium VI have been
reviewed in considerable detail by EPA (1984b). Studies on the carcino-
genicity of chramiun compounds were earlier raviewed by the International
Agency for Research on Cancer (1980). A risk assessment for exposure t
to airborne chramium VI was included in the health assessment document ‘
by EPA (1984b). The following summary is based in part on these reviews
and risk assessments, augmented by raview of key primary papers. However,
Cleament scientists were not able to review the unpublished study by Mancuso
(1975) which served as the primary basis for EPA's risk assessment.

=rA (1984b) hased its quantitative risk assessment for inhaled hexavalant
chranium on an unpublished study by Mancuso (1975). This study, although
limited, was judged to be more adequate for risk assessment than three
other studies (conducted in Norway, Sweden, and the USSR) which sufferad
fran deficiencies in measurement of exposwure, statistical power, and reporting.
Mancuso's study showed excess risks of lung cancer in workers exposed

to chramates between 1931 and 1937 and followed until 1974. Lung cancer
risks increased with duration of exposure and with age. Estimates of
cunulative exposure to soluble, insoluble, and total chramium were derived
framn a single set of industrial hygiene measurements taken in 1949. Smoking
habits of the workers were not determined or discussed.

To construct dose-response relationships, EPA (1984b) converted all exposurs
data into average lifetime ambient concentrations. This is equivalent
to assuming that exposure to chromium at any time during life leads to



the same incr2ase in lifetime risk of lung cancer; this assumption is
Juestionable, especially in view of the fact that measures of exposura

~ere available for only one year. The data were fitted to a dose-response
relationship of the Weibull type, in which cancer risk is assumed to e
proportional to age raised to the kth power and to a second order polynominal
(ad + bdz) in dose d. Pitting the data to observed estimates of age-specific
.cancer risk and average exposure of the chramate workers, ZPA estimated

that k was approximately 1.9 and toth the linear and quadratic terms in

d were significant. At low doses, the term ad daminates the risk calculations,
and for lifetime exposure the "unit risk" was calculated to be 1.2x1072
(ug/m3)'1. dowever, because of small sample size (only 35 observed lung
cancer Jdeaths distributed over 9 age-exposure classes), the statistical
uncerctainty of this estimate was very high (standard deviation = 7 x mean) .
Zxpressed in terms of total intake, the cancer potency factor was calculatgd
as 41 (mg/kg/day)”! (EPa 1984b). "

Although Mancuso's unpublished study is not available for independent

review, EPA's procedures in using the data appear reasonable. However,

the rasults are subject to a wide range of statisitcal uncertainty, in
addition to their incorporation of a number of assumptions that are uncertain
and/or conservative. EPA suggested that the assumptions made about exposure
and the failure to control for smwoking might have led to overestimation

of risk by a factar of up to 4. The assumption that risk would ke propor-
tional to average lifetime exposure introduces additional uncertainties.

More important, the linear extrapolation of the dose-response relationship
estimated for highly-exposed workers to gredict risks of the general popu-
lation exposure-to concentrations about ].0s times lower is likely to be

very conservative. Pinally, the unit risk estimate is directly applicable
only to persons exposed to chramiun compounds similar to those involved

in the study by Mancuso. EPA (1984b) stated (without giving details)

that trivalent and hexavalent chramium compounds were present in the ratio
6:1, so that the unit risk for hexavalent chraomium might be 7 times higher
than that estimated for total chramium. Overall, therefore, EPA's estimate
of the unit risk for exposure to chramium in ambient air must be characterized
as extramely uncertain (primarily because of statistical uncertainty and



uncertainty in measuring exposure) and grovably very conservative (primarily
cecause of the wide range of extrapolation, but also “ecause of assumptions
about exposure and failure to contzol for smoking).

Based on exposur2 via inhalation, the IARC (1982) classified Cr VI as

Group 1, human carcinogen. The evidence for the carcinogenicity of Cr

III canpounds was judged to be inadequate. However, IARC (1980) concluded
that the epidemiological data do mot allow elucidation of the relative
contributions to carcinogenic risk of Cr III or Cr VI or of soludle versus
insoluble compounds. EPA classified inhaled Cr VI as Group A——Human Carcinogen
and inhaled Cr III as Group D--Not Classified (EPA 1984b, 1984c). 1Ingestai
chromiun compounds were classified as Group D (EPA 19844d).

Hexavalent chramium's potent carcinogenic effects when inhaled make -calcu-
lation of subchronic or chronic allowable intakes by inhalation for non- |
carcinogenic endpoints of toxicity inappropriate (EPA 1984b). For trivalent
chramium, a chronic allowable intake (AIC) by inhalation of 0.0051 mg/kg/day
was calculated in the Health Effects Assessment for Trivalent Chramium

(EPA 1984c). This number was derived fram a TLV. The studies used for
derivation of the TLV involved workers concomitantly exposed to other

dusts and fumes (ACGIH 1986) .

For oral exposure to Cr VI, a subchronic allowable intake (AIS) of 0.025
mg/kg/day was derived in the Health Effects Assessment for Hexavalent
Chromiur (EPA 1984b). The AIS was based on a one-year study in which

rats were exposed to 0-25 mg/liter Cr VI as potassium chramate in drinking
water. Increased tissue concentrations of chramium, but no adverse health
effects were reported at the highest dose (Mackenzie et al. 1953 as cited
in EPA 1984b). An oral chronic allowable intake (AIC) of 0.005 mg/kg/day
was derived fram the same study, with application of an additional safety
factor of 5 to adjust for less than lifetime exposure (EPA 1984b).

For oral exposure to Cr III, a subchronic allowable intake of 14 mg/kg/day
was established based on a study by Ivankovic and Preussmann (1975 as
cited in EPA 1984&). Rats were fed Cr III as chramium oxide at 2% and



5% of the diet for 90 days. A NJAEL of 5% Cr III was suggested, which
corresponds to 1,399 mg/kg/day hased on measured food consumption and
ody weight. 3lightly depressed spleen and liver weights wera reported.

FPor chronic oral exposure to Cr III, the EPA RED Workgroup identified

a risk reference dose (RfD) of 1 mg/kg/day based on the Ivankovic and
Preussman (1975) study. Rats were fed chramic oxide baked in bread at
dietary levels of 0, 1, 2, or 5%, 5 days/week for 600 feadings (840 total
days). No effects due to chramic oxide treatment were observad at any
dose levels.

The interim MCL for total chramium under the National Interim Primary
Driaking Water Requlations is 0.05 mg/liter. A proposed Recammended Maximum
Contaminant Level (RMCL) of 0.12 mg/liter i3 proposed for total chramium, =
based on an Adjusted Allowable Daily Intake (AADI) of 0.17 mg/liter with "
jata on human exposure by other routes factored in (0.10 mg/day via the

diet and 0 mg/day via air) (EPA 1985).

SUMMARY

Chramium is an essential micronutrient and is not toxic in trace quantities.
High levels of soluble Cr VI and Cr III produce kidney and liver damage.
Chronic inhalation exposure may lead to respiratory system damage. Epi-
demiological studies of workers exposed to Cr VI via inhalation demonstratz
that it is a human carcinogen. EPA's (1984b) quantitative risk assessment
is based upon a single study of a oohort of workers exposed over a six

year period and-followed for approximately 40 years. Smoking habits were
not considered in the study. Assumptions and extrapolations included

in the calculations lead to a very wide range of uncertainty in the risk
factor. The relative carcinogenic potency of Cr III has not been demonstrazai.
A Risk Reference Dose (RfD) of 1 mg/kg/day has been established for oral
exposure to Cr ITI. An oral AIC of 0.005 mg/kg/day was derived for Cr
JI.



Summary of Chromium Criteria

EPA carcinogen Classification (inhalation of Group A

Cr 71 only)
Inhalation carcinogenic potency factor (q,*) 41 (mg/kg/day)‘l
Oral AIC (Cr VI) 0.005 mg/kg/day
Oral risk ceference dose (Cr III) 1 mg/kg/day
Maximum Contaminant Level (MCL) (total Cr) 0.05 mg/liter
Proposed RMCL (total Cr) 0.12 mg/liter
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QUALITATIVE DESCRIPTION OF HEALTH EFFECTS

Hydrogen cyanide and its simple salts, such as sodium cyanide, are highly
toxic by all routes (ACGIH 1986, EPA 1980). Many reports are available
regarding acute poisonings in humans. Hydrogen cyanide vapor is irritating at
very low concentrations, is considered dangercus at 20 ppm (20 mg/m3), and is
fatal at concentrations of 100 ppm (100 mg/m3) for 1 hour. NIOSH (1976) noted
reports of chronic poisoning resulting in fatigue, weariness, and other
subjective symptams in workers, but these findings have been disputed by other
investigators. Chronic exosure to low levels of cyanide salts has been
reportedtoczusemlargementofthemymidglandinrnmns apparently due
to inefficient el:m.nat:.on of the cyanide metabolite thiocyanate. NIOSH
(1976) concluded that there was no evidence of carcinogenicity, mtagemcxty,
or teratogenicity for cyanides. Cyanide has been shown to produce chromoscme
breaks in a bean plant, Vicia faba. Because of its mechanism of action,
inhibition of the electron transport system in oxidative phosphorylation,
cyanide is acutely toxic to almost all forms of life.

UANTTTATIVE DESCRIPTION OF HEALTH EFTECTS

EPA (1986) calculated a refererce dose (RfD) for cyanide. The RfD was based
on a study by Howard and Hanzal (1955) in which rats were maintained for 104
weeks on a diet containing 76 or 190 my/kg of cyanide. From data reported on
food consumption and body weight, daily doses were estimated at 3.6 to

7.5 my/ky/day for the male rats and 4.6 or 10.8 my/ky/day for the female
rats. No clinical or histological effects were cbserved at either dose
level. Using the highest no~cbserved-adverse-effect level (NOAEL) OF

10.8 my/ky/day and a safety factor of 500 (10 for species extrapolation, 10
for sensitive members of the population, and 5 to campensate for the apparent
tolerarce to cyanide when it is ingested in food rather than in water), an RfD
of 0.02 my/kgy/day was derived.



EPA (1985) recammended a lifetime health advisory of 750 ug/liter for exposurs
to cyanide in drinking water. It was assumed that exposed individuals weigh
70 kg and ingest 2 liters of water per day. The difference between this val.=
ard a drinking water criteria based on the RfD noted above (700 ug/liter) :is
due to rourding error.

The ambient water quality criterion (AWQC) for cyanide is 200 ug/liter (EPA
1980) .

recamended a time-weighted average threshold limit value of 5 mg/m3 for
occupational exposure to cyanide.

SUMMARY OF CYANIDE CRITERTA

RED _ 0.02 mg/kg/day ¢
Lifetime HA 750 ug/liter

AWQC 200 ug/liter
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1, 1-DICHIOROETHANE

QUALITATIVE DESCRIPTION OF HEALTH EFFECIS

Limited information is available concerning the effects of 1,l-dichlorcethare
(1,1-DA). The extent or rate of absorpticn of 1,1~DCA has not been
determined, but based on its chemical properties, rapid gastrointestinal
absorption and moderate absorption fram inhalation are expected (EPA 1984a).

1,1-DCA is probably less toxic than the 1,2-isamer (EPA 1980). At one time,

the compourd was used as an anesthetic, but it induced cardiac arrhythmias and

its use was discontinued. It is probable that human exposure to sufficiently

high levels of 1,1-DCA would cause central nervous system depression and ~
respiratory tract and skin irritation, since many of the chlorinated :
aliphatics cause these effects (Parker at al. 1979). However, no
dose-response data concerning these effects are available. Renal damage was
cbserved in cats exposed by inhalation in a subchronic study (Hoffman et al.
1971). Inhalation exposure of pregnant rats to high doses of 1,1-DCA (6,000
prm) retarded fetal development (Schwetz et al. 1974).

t
t
¢

A carcincgenicity bicassay of 1,1-DCA was limited by poor survival of both
treatment and control groups, and the physical conditions of the treated
animals was markedly stressed. A dose-related increase in the mumber of
ftumors was not cbserved by the Fisher exact test, but the data suggest that

the campound may have carcinogenic properties (NCI 1978).

QUANTITATIVE DESCRIPTION OF HEALTH EFFBCTS

Applying the critaria for evaluating the weight of evidence for
carcinogenicity proposed by EPA's 'carcj.nogm Assessment Group (EPA 1984D),
1,1-DCA is most appropriataly classified inGroup D—Not Classified (EPA
1984a) . This category applies to agents for which there is inadequata human
ard animal evidence of carcincgenicity.



EPA derived health-based criteria for subchronic ard chronic exposure to
1,1-dichlorethane in its Health Effects Assessment for this campound (EPA
1984a). The oral subchruonic acceptable intake (AIS) and chronic acceptable
intake (AIC) were calculated from the Hoffman et al. (1971) study in which
cats exposed to 500 ppm 1,1-DCA for 26 weeks had no cbserved effects, but cats
exposed to S00 ppm for 13 weeks and then 1,000 prm for an additional 13 weeks
suffered renal damage. The cther mammalian species tested (rats, rabbits, and
quinea pigs) had no cbserved adverse effects. The oral AIS is 1.2 mg/kg/day.
The oral AIC of 0.12 my/krg/day was derived from the AIS by applying an
additional safety factor of 10 to campensate for less than lifetime exposure
in the animal study (EPA 1984a).

The inhalation AIS of 1.38 mg/kg/day and the AIC of 0.14 mg/kg/day were also
derived from the Hoffman et al. (1971) study (EPA 1984a).

EPA (1980) was unable to determine an ambient water quality criterion for
huma health for 1,l-dichlorvethane because of insufficient mammalian
toxicological information.

The American Conference of Govermmental Industrial Hygienists (ACGIH 1986) nas
recamended a time-weighted average threshold limit value of 200 ppm (810
my/m3) for occupaticnal exposure to 1,1l-dichlorcethane.

SUMMARY OF 1, 1-DICGILOROETHANE CRITERIA

EPA carcinogen classification Group D

Oral AIS 1.2 my/kg/day
Cral AIC 0.12 mg/kg/day
Inhalation AIS , 1.38 mg/kg/day
Inhalation AIC : 0.14 my/kg/day
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1, 2-DICHICROETHANE

PHARMACOKINETICS

Data on the pharmacckinetics of 1,2-dichlorcethane in humans are limited, but
data from animal studies suggest that the chemical is rapidly absorbed
following oral and inhalation exposure and after dermal contact with the
liquid form of the compound (EPA 1985a). Reitz et al. (1982) reported that a
150 mg/kg bw peroral dose of radio-labelled 1,2-dichlorcethane given to rats
was campletely absorbed 48 hours after administration, and Spreafico et al.
(1978, 1979, 1980) reported 78% abscrption in rats given a single oral dose of
25 my/kg bw 1,2-dichloroethane in a water vehicle. Absorption rates of
inhaled 1,2-dichlorvethane have not been quantified, but because the chemical
has a moderately high vapor pressure (80 mm Hg at 25°C) and a high blood-air%
partition coefficient (19.5), pulmonary absorption is probably rapid and
camplete (EPA 1984). Dermal absorption of 1,2-dichlorcvethane following vapor
exposure is negligible, but direct skin application studies in mice (Tsuruta
1975, 1977) ard quinea pigs (Jakcbson et al. 1983) indicate that percutanecus
absorpticn following direct liquid comtact can be substantial and is linearly
related to exposure duration.

After percvral or pulmonary absorption, 1,2-dichlorcethane is distributed to
all body tissues. The substance readily passes the blood-brain and placental
barriers (EPA 1985a). In rats, the highest tissue concentrations following
acute exposure are reached in the adipose tissue, followed by the blood and
liver (Spreafico et al. 1978, 1977, 1980).

Studies in mice (Yllner 1971) and rats (Reitz et al. 1980, 1982) indicate that
1,2-dichlorvethans is extansively metabolized, ard the liver is the primary
site of metabolic activity (EPA 1985a). 1,2-Cichlorcethane is metabolized to
2-chlorvacetaldehyde, S-(2-chlorvethyl)-glutathione, and cther putative
reactive metabolites capable of covalent binding to cellular macramolecules
(EPA 1985a). Metabolism appears to be dose related; percent metabolized
decreases as dose increases (Yllner 1971, Reitz et al. 1980). Eliminaticn of

urmetabolized 1,2-dichlorvethane is almost exclusively through the lungs (EFA
1985a) .



QUALITATIVE DESCRIPTION OF HEALTH EFFECTS

CARCINOGENICITY

No epidemioclcgical data are available to evaluate the carcinogenicity of
1,2-dichloroethane in mmans. However, several chronic bicassays of
1,2-dichlorcethane have been conducted in animals and same of these are
cutlined below.

In a study sponscred by the National Cancer Institute (NCI), groups of 50 male
ard 50 female 9-week-old Osbarne-Mendel rats were administered technical grade
1,2-dichlorcethane (>99% pure) in corn oil by gavage S days/week for 78 weeks
(NCT 1978). Swxviving animals were cbhserved for up to 32 weeks following
termination of treatment. The time-weighted average doses were 95 ard ¢
47 my/kg bw/day for high- and low-dose males and females. A group of 20 male
ard 20 female rats received corn oil alone and were used as matched vehicle
controls, and an additional group of 60 male and 60 female rats received corm
oil and were used as pooled vehicle controls. (The group of matched vehicle
cantrols was not considered in the statistical analyses of tumor incidences.)
Mortality was increased in the high-dose group:; all high-dose females were
dead by week 15 of the post-treatment cbservation period, and all high-dose
males died by week 23 of the cbssrvation period. All low-dose rats survived
the 32~wesk post-treatmeant cbservation pericd. All treated and control
animals were histologically examined. There was a statistically significant
increase in total mmber of tumors in high-dose females when campared with
pooled controls. Additionally, a statistically significant increase in the
incidence of squamcus-call carcinamas of the farestamach in high-dcse male
rats and mammary gland adenocarcincmas in high-dose female rats was cbserved.
Hemangicsarcomas ocaarred in scme treatsd rats but not in any of the
controls. low-dose males and females showed higher incidences of
hemangicsarcamas than high-dcse animals. There was a statistically
significant positive trend in the incidence of hemangiocsarcamas in male and
female rats as campared with pooled vehicle controls.



In a secord oral-dosing study sponsored by NCI (1978), groups of 50 male ard
50 female S-week-old B6C3F; mice were administered technical grade (>99% pure)
1,2-dichlorvethane in corn oil by gavage 5 days/week for 78 weeks, followed by
a 12-week (females) or 13-week (males) period without treatment. The
time-weighted doses were 195 and 299 mg/kg bw/day for high-dose males and
females, respectively, -and 97 and 149 mg/kg bw/day for low-dose males ard
females, respectively. A group of 60 male and 60 female mice received corn
o0il alone ard served as pooled vehicle controls. Of the high-dose animals,
42% of the males survived until the end of the study, and 72% of the females
died between weeks 60 and 80. In the low-dose group, 48% of the males
survived more than 74 weeks, and 68% of the females survived until the erd of
the study. In the vehicle control groups, 55% of the males and 80% of the
females survived until the end of the stidy. When campared with controls, the
number of animals with tumors and the total mmber of tumors were .
significantly greater in both male and female high-dose mice ard also in |
low-dose female mice. |

Maltoni et al. (1980) exposed groups of 180 male and 180 female Sprague-Dawley
rats apd Swiss mice to 1,2-dichlorvethane (>99% pure) vapor concentrations c:Z
250-150 ppm, S50 ppm, 10 ppm, or S ppm, respectively, for 7 hours/day,

5 days/week for 78 weeks. (The initial 250 ppm concentration was reduced to
150 ppm after several days of exposure to the higher level elicited severe
toxic effects.) Two groups of 180 rats per group served as controls for the
rat study, and one group of 249 mice served as the control for the mice
study. At the end of the treatment period, all animals were allowed to live
until spontanecus death. A conplets necropy was performed on all rats and
mice. The results of the histopathological analyses revealed no statistically
significant increases in the incidence of any specific type of tumor in
treataed rats or mice when compared with controls.

MUTAGENICITY

1,2-Dichlcroethane has been shown to cause gene mitations in bacteria, plantc.
Droscphila, amd cultured Chinese hamster ovary cells (EPA 1985a). The
majority of the in vitro tests have reported marginal positive respanses
without metabolic activation and stronger positive responses with exogencus



hepatic metabolic activation, indicating that 1,2-dichlorvethane is mutagenic
by itself but that matabolites are more potent mutagens. In addition,
1,2-dichlorvethane also has been abserved to cause meioctic chromosamal
nordisjunction in Droscphila and to alkylate INA in several samatic tissues in
the rat (EPA 1985a).

REPRODUCTIVE TOXICITY

Available data suggest that 1,2-dichlorcethane does not adversely affect
reproductive or develcpmental processes in experimental animals except at
maternally toxic levels (EPA 1985a). However, the data are limited, and
additional experimental and epidemiological studies are needed to conclusively
demonstrate that this capourd is not a human teratogen and does not produce
adverse reproductive effects.

t

t
CHRONIC TOXICITY

Data on chronic toxicity of 1,2-dichlorvethane in humans are limited
(primarily) to foreign case reports and health surveys. Repeated exposure to
1,2~dichlorcethane vapor in the work place has been reported to result in
ancrexia, nausea, vamiting, weakness and fatigue, nervousness, epigastric
pain, and irritation of the respiratory tract and eyes (EPA 1984, 1985a).
Kozik (1957) reported that workers in the Russian aircraft industry who were
exposed for at least 4 years to approximately 10-15 ppm 1,2~dichlorcethane
experienced increased incidences of gastrointestinal disease, liver and gall
bladder disease, arx diseases of the muscles, tendons, and ganglia.
Cetnarowicz (19%9) reported dizziness, fatigue, drowsiness, nausea, ard
epigastric pain in Polish oil refinery workers exposed to 1,2-dichlorcvethane
concentrations betwesn 10 and 200 ppm for an unspecified period of time.

Chronic studies in animals also have revealed taxic effects following
inhalation exposure. Spencer et al. (1951) exposed eight guinea pigs of both
sexes, one female and two male rabbits, and two male monkeys to
1,2-dichlorcethane vapor at concentrations of 400 and 100 ppm for 7 hours/day,
5 days/week for 6 months. In addition, 15 rats of both sexes and 8 guinea
pigs of both sexes were similarly exposed to 200 pom 1,2-dichlorvethane for



151 and 180 7-hour pericds, respectively. Exposure to 200 ppm
1,2-dichloroethane caused parenchymatous degeneration of the liver in guinea
pigs. Severe toxic effects were found in all animals exposed to the 400-ppm
concentration, but no toxic effects were cbserved in any animals exposed to
the 100-ppm concentration.

Heppel et al. (1946) cbserved increased mortality and/or significant
pathological charges in varicus organs of rats, rakbits, and quinea pigs
exposed to 1,000 or 400 ppm of 1,2-dichlorvethane 7 hours/day for 5 days/week
but not in animals similarly exposed to concentrations of 100 ppm.

No pertinent data on the chronic oral taxicity of 1,2-dichlorcethane in humans
were located in the available literature, and limited reports of chronic oral
exposure in laboratory animals were available. In the NCI (1978) bicassay |
previcusly discussed, groups of 50 male and 50 female Osborne-Merdel rats wdre
treated by gavage with time-weighted average (TWA) 1,2-dichloroethane
concentrations of 45 or 74 mg/ky bw/day, respectively, for 78 weeks ard
cbserved for up to an additional 32 weeks. Groups of 50 male and 50 female
B6C3F| mice were treated by gavage with TWA doses of 195 or 97 mg/kg bw/day
(male) or 299 or 149 my/kg bw/day (female) 1,2-dichlorcethane for 78 weeks,
followed by a 12 to 13-week cbservation pericd. No significamt dose-related
body weight depression in rats of either sex was noted, but there was
increased mortality, particularly in the high-dose groups, which appeared to
be related to taxic rather than to carcincgenic effects. Mean body weight
depression was noted as early as wesk 15 of the study in high-dose female mice
but not in high- or low-dose males or low-dose females.

In a chronic feeding stixly, rats received diets comtaining 1,2-dichlorvethane
at concentrations of 0, 250, or 500 mg/ky fed for 2 years (Alumot et al.
1976). No bicchemical or histopathological abnormalities attributable to
1,2-dichlorcethane were cbsarved. However, there was a widespread incidence
of chronic respiratory disease and low survival rates. A lack of detailed
data prevents establisiment of the actual dose administered.



ACUTE TOXICITY

Effects of acute inhalation exposure in humans are similar to those cbserved
in humans following chronic work-time exposure ard include irritation of
micous membranes ard the respiratory tract and central nervous system
depression (EPA 1985a). Death may occur as a result of respiratory and
Circulatory failure. Pathologic examinations typically show congestion,
degeneration, necrosis, and hemorrhagic lesions of most internmal organs,
including the liver, kidney, spleen, lurgs, ard respiratory and
gastrointestinal tracts (EPA 1985a). Adverse effects caused by less extreme
exposures were generally associated with the gastrointestinal ard nervous
systems.

UANTTTATIVE DESCRIPTION OF HEALTH EFFECTS

L~

Applying EPA's criteria for evaluating ocverall weight of evidence of
carcinogenicity to humans, 1,2~-dichloroethane has been classified in Group B2
as a probable carcinogen in humans. This category applies to agents for which
there is inadequate evidence of carcinogenicity from human studies and
sufficient evidence of carcinogenicity from animal studies.

EPA (1985a) derived a carcincgenic potency factor (q;*) for ingestion based cn
the incidences of hemangiosarcamas in Osborne-Mendel male rats abserved in the
NCI (1978) gavage study autlined previcusly. The final time-weighted average
doses in male arxd famle rats were 95 and 47 my/kg/day for the high- and

low-dose groups, respectively. Animals were cbserved for up to an additional
32 wesks before tarminal sacrifice. Based on the hemangicsarcama response in
male rats using a time~to-death adjustment and an adjusted dose derived from
the metabolism/kinetic evaluation, EPA used the miltistage model to estimate

an upperbound carcinogenic potency factor of 9.1x10~2 (mg/ky/day)~l for
1,2-dichloroethans.

EPA (1980) also based is ambient water quality criterion for
1,2-dichlcroethane on the incidences of hemangicsarcamas cbserved in male rats
in the NCI (1978) study previcusly discussed. However, because a samewhat



different approach was used, a carcinogenic potency factor of 3.697x1072
(mg/kg/day) ~! was derived. The resulting water concentration to keep the
lifetime excess cancer risk below 106 was 0.94 ug/liter. This value assumes
ingestion of contaminated water ard aquatic organisms (e.g., fish) from the
contaminated water. Without consumption of contaminated aquatic organisms, a
lifetime cancer risk of 106 would be associated with ingestion of water
containing 0.95 ug/liter of 1,2-dichlorcethane.

Ancther carcinogenic potency factor, also based on the NCI (1978)
hemangicsarcama data for male rats, was reported in the EPA Health Effects
Assessment for 1,2-dichlorvethane (EPA 1984); the reported value was 6.9x1072
(mg/ky/day) ~L.

The EPA Office of Drinking Water developed a longer-term health advisory (HA)
for 1,2-dichlorcvethane based upon the results of two chronic inhalation :
studies (Heppel et al. 1946, Spencer et al. 1951) and ane subchronic {
inhalation study (Hofmann et al. 1971) in which various animal species were
exposed to 1,2-dichlorcethane. In these stidies, exposure to air containing
100 ppm 1,2-dichlorcethane for 6~7 hours/day, S5 days/week for up to 8 months
resulted in no mortality and no adverse effects on behavior, growth, organ
function, or blood chemistry. Similar exposures to 400-500 ppm
1,2-dichlorcethane resulted in high mortality and various pathological
effects. The 100-ppm level (405 my/m>) was used as the
no—-cbservable-adverse—-effect level (NQAEL) for the determination of the HA.
The HAs derived for a 10-kg child consuming 1 liter of water per day and for a
70-kg adult consuming 2 liters of water per day are 740 ug/liter ard

2,800 my/liter, respectively.

EPA (1985h) recently published urder the Safe Drinking Water Act, a proposed
maximm contaminant level (MCL) of 5 uy/liter for 1,2-dichlcrcethane. The
proposed MCL was determined based upon consideration of best available
technology for removal of 1,2-dichlorvethans from drinking water and upon the
lowest achievable detection level for 1,2-dichlorcethane by routine laboratory
operating conditions within specified limits of precision and accuracy.



SUMMARY OF 1, 2-DICHMIOROETHANE CRITERIA

EPA carcinogen classification Group B2
Oral carcinogenic potency factor (qi*) 9.1x102 (mg/iy/day) L
Longer-term HA:

Child 740 ug/liter

Adult 2,600 my/liter
Proposed MCL 5 uy/liter

AWQC (concentration associated with a 10~%
lifetime cancer risk:

Ingestion of water and aquatic organisms 0.94 ug/liter
Ingestion of water only 0.95 ug/liter
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1, 1-DICHICROETHYLENE

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS

Several camprehensive reviews of the toxicology and potential health effects
~of 1,1-dichlorvethylene have been prepared. The following summary is based
primarily on information presented in three EPA documents. These include
"Ambient Water Quality Criteria for Dichlorvethylene" (EPA 1980), "Drinking
Water Criteria Document for Dichloroethylenes" (EPA 1984a), and "Health
Assessment Document for Vinylidene Chloride" (EPA 1985a).

1,1-Dichlorcvethylene is a central nervous system depressant and has been use:!
as an anesthetic. cumiclow-levelexposuretothissubstancemay:uul% e
neurotoxicity, nephrotoxicity, hepatotoxicity, amd cardiac arrhythmia. ‘
Inhalation or oral exposure of rats and rabbits has produced fetotoxicity ar:
minor skeletal abnormalities, but at doses associated with same degree of
maternal toxicity.

1,1-Dichlorcethylene has been fourd to be a point mutagen in bacterial syste--
with metabolic activation, but dominant lethal studies in rats and mice were
neqative. The evidence for the potential of 1,l1-dichlorcvethylene to act as :
hunan germ-cell mitagen is currently regarded by EPA (1985a) as limited.
Although this designation indicates that there are insufficient data to
clasgify this evidence as sufficient or suggestive of potential germ—cell
mitagenicity, the available data also do not permit classification of
1,1-dichlorosthylens as a non-germ cell murtagen.

A mumber of laboratory studies have investigated the carcincgenic potential -t
1,1-dichlorosthylens. A significantly increased incidence of renal
adenccarcinoma was cbserved in male mice treated by inhalation with
1,1-dichloroethylens in a study by Maltoni et al. (1985); female mice in the
same study showed an equivocal increase in mammary adenocarcincmas. Other
stidies with mice, rats and hamsters have not shown increased tumor incidencss
after exposure by the oral or inhalation routes.



The effects of 1,1-dichlorcethylene cn humans have not been studied in large
enough populations to provide meaningful results (EPA 1980, 1985a).

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS

The EPA concluded that the -evidence for carcincgenicity of
1,1-dichlorvethylene is inadequate in humans and limited in experimental
animals. Applying the criteria for evaluating the overall weight of evidercs
of carcinogenicity to humans proposed by the EPA (1984b), this campourd is
most appropriately classified in Group C—Possible Human Carcinogen.

The carcincgenic potency for exposure by ingestion was derived by EPA (1983a,
by estimating an upper-limit value from the negative data of a drinking water
study by Quast et al. (1983) in Sprague-Dawley rats and a negative NTP (1982
gavage study in Fischer 344 rats and B6C3FL mice. Quast et al. (1983) tr?’ate:i
Sprague-Dawley rats with 50, 100, or 200 ppm 1,1l-dichlorvethylene in their
drinking water for 2 years and cbserved only minimal hepatotoxicity. In the
NTP bicassay (NTP 1982), no significant increases in tumor incidence were
cbserved, but a maximm tolerated dose was apparently not achieved in the
gavage treatment of F344 rats with 1 or 5 my/kg and B6C3F1 mice with 2 or 1:
ny/kg 5 times a week for 104 weeks. This approach assumes that a response
occurs via ingestion, although there is no direct evidence that this is true.
The highest upper-bound carcincgenic potency (qi*) estimate using these data
was 0.58 (mg/kg/day)-l. |

The carcinogenic potency for exposure by inhalation reported by EPA (1985a) : =
based on an inhalation study in mice by Maltoni et al. (1985). Swiss mice c:
both sexes were exposed to 0, 10, or 25 ppm (0, 40, or 100 my/m3)
1,1-dichlorosthylens for 4 hours/day, 4 to S5 days/week for 52 weeks, ard wers
cbsarved for a total of 121 weseks. The most marksed finding was the
significantly increased incidence of renal adenocarcincmas in the high-dese
male mice. Using data fram this study, calculation of the cancer risk
estimates by the miltistage model yielded an inhalation carcinogen potency oI
1.16 (my/kgy/day) 1. |



Under the Safe Drinking Water Act, EPAYasreoerrtlypmlgateda final
recommended meximm contaminant level (RMCL) and proposed a maximum
camtaminant level (MCL) of 7 ug/liter for 1,1-dichlorvethylene in drinking
water (EPA 1985b). RMCIs are nonenforceable health goals that are to be set
at levels that would result in no known or anticipated adverse health effects
with an .adequate margin of safety. .MCIs, which are enforceable standards wher
finalized, are EPA set as close as feasible to RMCIs after consideration of
treatment and analytical technologies, costs, and other factors.

In setting the 7 ug/liter RMCL for 1,l1-dichlorcethylene, EPA determined tha<
limited but insufficient evidence of carcincgenicity exists for this

campourd. Accordingly, it was classified in Regulatory Category II-——equivocz.
evidence of carcinocgenicity. RMCLs for Category II contaminants are set basec
on chronic taxicity data with an additional margin of safety or on lifetime
risk calculations if chronic toxicity data are not available. For ;
1,1-dichlorcethylense, EPA sset the RMCL based on chronic toxicity data,
primarily liver effects, cbtained from the Quast et al. (1983) study in rats.
An adjusted acceptable daily intake (AADI) of 350 ug/liter was derived frcr
these data. By applying an extra safety factor of 10 to account for the
possible carcinogenicity of this campound and assuming a 20% contribution <=
exposure fram drinking water, the final RMCL of 7 ug/liter was determined 'Z:°
1984, EPA 1985b).

t
¢

The EPA Office of Drinking Water develcped ane—day, langer-term, and lifet:i-e
health advisories (HAs) for 1,l-dichlorvethylens (EPA 1985c). The cne-day =-
derived for a 10-ky child is 1,000 ug/liter. This HA was based on a study :.-
which adult rats received single doses of 100, 300, or 500 my/ky
1,1-dichlerosthiylens in corn oil (Jenkins et al. 1972). A
lowest-chesrved-adverse—-effect level (IOAEL) of 100 my/kgy for liver enzyme
changes wvas identified. The longer-term HA was based on a 90-day study in
which rats received 0, 50, 100, or 200 pmm 1,l-dichlorcethylene in their
drinking water (Rampy et al. 1977). This study identified a
no-cbserved-adverse effect level (NOAEL) of 100 ppm (a decreased kidney-boc.
weight ratio in males was cbsarved at 50 prm); increased cytoplasmic
vacuolization of hepatocytes was cheserved in both sexes at 200 ppm. Based :-



the NOAEL_of 100 pom, a longer~term HA was derived for a 10-kg child consuin-
1 liter of water per day ard a 70-kg adult consuming 2 liters of water per
day. These values are 1,000 ug/liter and 3,500 ug/liter, respectively. E==
notaed that the langer-term HA of 1,000 ug/liter for a 10-kg child would alsc
be appropriate for protection over a ten-day pericd.

A lifetime HA of 70 ug/liter was based on the Quast et al. (1983) study cited
above. A LOAEL of 100 ppm was identified based upon a trend towards increases
fatty deposition in the liver. A relative source contribution of 20% for
drinking water was included in this value. A risk reference dose (RfD) of
0.01 mg/ky/day was determined by EPA from data presented in this study. An
RfD is an estimate of daily exposure which appears to be without appreciable
risk of deleteriocus noncarcincgenic effects over a lifetime of exposure. This
value correspardds approximately to the oral reference dose (RfD) of 0.009
my/kg/day (EPA 1986) also recammerded by EFA and based on the Quast et all
(1983) study.

EPA (1980) determined an ambient water quality criteria (AWQC) of 0.06
ug/liter for 1,1-dichlorcethylene, which correspords to a 1076 excess lifeti-=
cancer risk. '

The American Conference of Goverrmental Industrial Hygienists (ACGIH 1986) has
recamnended a time-weighted average threshold limit value of 5 ppm (20 mg/m=:
for cccupational exposure to 1,l-dichloroethylene.

SIMARY OF 1,1~-DICHIOROETHYIENE CRITERIA

EFA carcinogen classification Group C

Oral carcinogenic potancy factor(q*) - 0.58 (mg/kg/day) =1
e tancy facar (a1*) 1.6 (my/ky/day)-l
Final MClL/proposed MCL 7 ug/liter
One—-day HA (child) , 1,000 ug/liter

Ten-day HA (child) 1,000 ug/liter



Longer-term HA
child

1,000 ug/liter
Adult 3,500 ug/liter
Lifetime HA 70 ug/liter
RED 0.009 mg/kg/day
AWQC corresponding to a 1076
excess lifetime cancer risk 0.06 ug/liter
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trans-1, 2-DICGHLOROETHYLENE

QUALTTATIVE DESCRIPTION OF HEALTH EFFECTS

Information on the health effects of trans-1,2-dichlorcethylene is limited.
Freundt et al. (1977) exposed female rats by inhalation to 200 ppm trans-1,2-
dichlorothylene for 8 hours per day, 5 days per week for 1, 2, 8, or 16 weeks
ard noted progressive damage to the lungs and progressive fatty degeneration
of the liver.

trans-1,2-Dichlorcethylene was not mutagenic in the Ames assay and did not
induce chromosamal aberrations in mouse bone marrow cells (Cerna and Kypenou:
1977). Galli et al. (1982) reported that it was not mutagenic when tested ir
a diploid strain (D7) of Saccharomyces cerevisiae with and without metabolic
activation. Finally, trans-1,2-dichlorcethylene was not mutagenic in the i
Escherichia coli K12 assay system (Greim et al. 1975).

QUANTTTATIVE DESCRIPTION OF HEALTH EFFECTS

According to EPA's Proposed Guidelines for Carcinogenic Risk Assessment (EPA
1984a), trans-1,2-dichlorcethylene has been classified in Group D—Not
Classified (EPA 1985). This category applies to agents for which there is
inadequate evidence of carcinogenicity from animals studies.

EFA (1980) was unable to derive ambient water quality criteria for
trans-1,2-dichloroethylene because of lack of data.

The EPA opinion concerning protection of mman health from the toxic effects
of trans-1,2-dichlorcethylene in drinking water is summarized in proposed
national primary drinking water regulations for synthetic organic chemicals
(EPA 1985). Because campound-specific information concerning toxicity of the
1,2-dichloroethylenes is not adequate, EPA has chosen to derive longer-term
(1- to 12-year) and lifetime exposure criteria for both the cis- amd trans-
iscmers from data on 1,1-dichlorvethylene, a compound with similar structure
(a gecmetric isamer of 1,2-dichlorcethylene) and similar noncarcinogenic tox::



erd points. Derivation of these criteria are documented in detail in the
Drinking Water Criteria Document for Dichlorovethylenes (EPA 1984b). Availakla
information from shorter-term exposures to all three campourds also suggests
that the noncarcincgenic toxicity induced by the 1,2-iscmers is likely to ke
no more severe than that of 1,1-dichlorcethylene. Accordingly, EPA derived
longer-term draft health advisories for both cis- and
trans-1,2-dichlorcethylene of 1,000 and 3,500 ug/liter for children and
adults, respectively, from data on 1,1l-dichlorcethylene.

EPA also derived an acceptable daily intake (ADI) for lifetime exposure based
on the results of a 2-year chronic toxicity/oncogenicity study (Quast et al.
1983) in which rats received 0, 50, 100, or 200 mg/liter 1,1l-dichlorvethylers
in drinking water. For the highest dose group, significant microscopic liver
changes were seen in animals of both sexes, and minimal hepatocellular
swelling and fatty changes were seen in female rats at all dose levels. At
100 ppm (10 my/ky mean daily dose in males), atrendtwardanincreaseirf
focal fatty changes in the liver was cbserved in males. No exposure-related
changes were seen in males at the low dose. An ADI of 0.01 mg/kg/day for a
70-kg person was determined using a lowest-cbserved-adverse effect level
(LOAEL) of 10 my/kg/day and an uncertainty factor of 1,000, since a
no~cbserved-adverse effect level (NCAEL) was not identified. The
correspanding adjusted acceptable daily intake (AADI) for a 70-kg person
drinking 2 liters of water per day is 350 ug/liter. EPA propcosed an RMCL of
70 ug/liter for both cis- and trans-1,2-dichlorcethylene based on the AADI of
350 ug/liter, assuming 20% of the exposure is via drinking water. Based on
cansideration of axrently available data, EPA's proposed reccmmended
guidelines for longer-term and lifetime exposure appear adequate for
protection of the health of exposed individuals.

The American Conference of Goverrmental Industrial Hygienists (ACGIH 1986) has
recamnended a time-weighted average threshold limit value of 200 prm
(790 my/m3) for occupational exposure to trans-1,2-dichlorvethylene.



DI-p-BUTYL-PHTHALATE

NTR TION

Di-n-butyl phthalate (DBP) is a phthalate ester commonly used as a
plasticizer and in the production of polyvinyl chloride (PVC) resins (EPA
1980).

PHARMA NET

The phthalic acid esters and/or their metabolites are readily absorbed from
the gastrointestinal tract, intraperitoneal cavity, and the lungs and
distributed to various organs and tissues. The esters are excreted primarily
in urine and feces (EPA 1980).

TATIV PTION H T

There are no reports that DBP is carcinogenic in animals or humans. However,
DBP was reported to be mutagenic in a bacterial test system (Seed 1982).
Reduced fetal weight, resorptions, and dose-related musculoskeletal
abnormalities were observed among fetuses from rats and mice exposed to very
high doses of DBP during gestation (Shiota and Nishimura 1982).

The acute toxicity for laboratory animals by most routes of administration is
very low. Oral, inhalation, and intraperitoneal LD50 values of

8,000 mg/kg, 7,900 mg/m3, and 3,050 mg/kg, respectively, have been reported
for the rat (EPA 1980). Smith (1953) fed male Sprague-Dawley rats diets
containing O, 0.01, 0.05, 0.25 and 1.25% di-n-butyl phthalate for 1 year. At
the highest di-n-butyl phthalate concentration, one-half of all rats died
during the first week of exposure.

TITATIV TION H H EFFECT

Applying the carcinogen risk guidelines established by the Carcinogen
Assessment Group of EPA (EPA 1986a), di-n-butyl phthalate is most



appropriately classified in Group 0--Not Classified. This categery applies
to agents for which there is no evidence of carcinogenicity.

EPA (1986b) calculated a risk reference dose (RfD) of 0.1 mg/kg/day for
di-n-butyl phthalate based on a study by Smith (1953) in which male
Sprague-Dawley rats fed diets containing 0.25% (125 mg/kg/day) di-n-buty!l
phthalate did not exhibit any effects on gross pathology or hematology.

EPA (1980) also determined an ambient water quality criterion (AWQC) of
34.1 mg/1iter for the protection of human health from the toxic properties of
di-n-butyl phthalate ingested through water.

The American Conference of Governmental Industrial Hygienists (ACGIH 1986)
has recommended a time-weighted average threshold 1imit value (TLV) of
5 mg/m3 for occupational exposure to di-n-butyl phthalate.

SUMMARY OF DI-p-BUTYL PHTHALATE

EPA carcinogen classification Group D

RfD 0.1 mg/kg/day
ANQC 34.1 mg/liter
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ETHYLBENZENE

NTR TION

Ethylbenzene (EB) is a clear, colorless, flammable liquid found in gasoline.
It is used as a solvent and in the manufacture of styrene and acetophenone.
Ethylbenzene is also a constituent of asphalt and naptha.

PHARMACOKINETICS

Ethylbenzene absorbed via inhalation was found to be distributed throughout
the body in Harlan-Wistar rats. However, the highest levels were detected in
the kidney, lung, adipose tissue, digestive tract, and liver (Chin et al.
1980a). Data regarding the absorption of ethylbenzene from the
gastrointestinal tract following oral inggstion were not located in the
available literature. The elimination of ethylbenzene is primarily through
urinary excretion of metabolites (EPA 1984).

-

ALITATIV RIPTION QF HEALTH EFF

CARCINOGENICITY

Pertinent data on the carcinogenic potential of ethylbenzene were not
identified in the available literature.

MUTAGENICITY

Ethylbenzene was found to be nonmutagenic in Salmonella typhimyriym strains
TA98, TA100, TA1535, and TA1537 tested with and without metabolic activation
(Florin et al. 1980). Pure ethylbenzene did not increase the frequency of
recessive lethals in the Qrosophila recessive lethal test (Donner et al. 1979).



TERATOGENICITY/REPRODUCTIVE EFFECTS

Hardin et al. (1981) found that ethylbenzene did not elicit embryo toxicity,
teratogenicity, or maternal toxicity in New Zealand white rabbits exposed for
6-7 hours/day at 100 or 1,000 ppm (435 or 4,348 mg/m3) during gestation days
1-24. However, female Wistar or Sprague-Dawley rats exposed to 1,000 ppm
ethylbenzene for 6-7 hours/day during gestation days 1-19 had increased liver,
kidney, and spleen weights indicating maternal toxicity.

ACUTE/CHRONIC TOXICITY

Wolf et al. (1956) administered a single oral doses of ethylbenzene (in olive
oil or corn oil solution) by stomach tube to male and female Wistar-derived
rats to determine the acute toxicity of ethylbenzene. The reported LD50 fot
both sexes was 3.5 g/kg bw; systemic toxic effects occurred primarily in the
liver and kidney. ‘

Wolf et al. (1956) also administered ethylbenzene in olive oil by stomach tube
5 days/week for & months to groups of 10 female Wistar rats. Doses of 468 anc
680 mg/kg caused increased liver and kidney weights and cloudiness and
swelling of hepatocytes and renal tubular epithelium. No effects were
observed in rats exposed to 13.6 and 136 mg/kg/day.

ANTITATIV TION H FECT

Applying the criteria in EPA's guidelines for assessment of carcinogenic risk
(EPA 1986a), ethylbenzene is most appropriately classified in Group D--Not
Classified. This category applies to agents for which there is inadequate
evidence of carcinogenicity.

EPA (1985b) derived one-day health advisories (HAs) for ethylbenzene based on
a study by Bordodej and Bordodejova (1970) in which no adverse health effect:
were reported in humans exposed via inhalation for 8 hours to 100 ppm (425
mg/m3) ethylbenzene. The one-day HAs for a 10-kg child and 70-kg adult



are 73 mg/liter-and 21 mg/liter, respectively. Because of a lack of
appropriate exposure duration data, EPA (1985b) derived the ten-day HAs from
the one-day HAs by dividing the one-day HAs by ten. The resulting ten-day HAs
for a 10-kg child and 70-kg aduit are 2.1 mg/liter and 7.3 mg/liter,
respectively. EPA (1985b) derived a lifetime health advisory of 3.4 mg/liter
from the Wolf et al. (1956) study in which rats were treated orally at four
doses of -ethylbenzene 5 days/week for 6 months exhibited no adverse effects at
136 mg/kg/day. Based on the 1ifetime health advisory of 3.4 mg/liter and
assuming 20 percent of exposure to ethylbenzene would be via drinking water,
EPA (1985¢) proposed a recommended maximum contaminant lTevel (RMCL) of 0.68
mg/liter.

EPA (1986b) determined a reference dose (RfD) of 0.1 mg/kg/day for oral
exposure to ethylbenzene based on the Wolf et al. (1956) data using the
no-observed-adverse-effect level (NOAEL) of 136 mg/kg/day

E
EPA (1980b) has established an ambient water quality criterion (AWQC) of 1.4
mg/1iter for the protection of human health from the toxic properties of

ethylbenzene ingested through water and contaminated aguatic organisms.
The American Conference of Governmental Industrial Hygienists (ACGIH 1986) has
recommended a time-weighted average threshold 1imit value of 100 ppm (435

mg/m3) for occupational exposure to ethylbenzene.

SUMMARY OF ETHYLBENZENE CRITERIA

EPA carcinogen classification Group D
One-day HA: .
Adult 73 mg/liter
Child 21 mg/liter
Ten-day HA:
Adult 7.3 mg/liter
Child 2.1 mg/liter
Lifetime HA 3.4 mg/liter

Proposed RMCL 0.68 mg/liter



RfD 0.1 mg/kg/day
AWQC 1.4 mg/liter
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HEXACHLOROBENZENE

INTRQDUCTION

Hexachlorobenzene is a synthetic organic compound that is produced during the
synthesis of several chlorinated compounds. At one time, hexachlorobenzene
was used as a fungicide, but this use has been discontinued (EPA 1985a).

PHARMACOKINETICS

No information was present in the available literature on hexachlorobenzene
absorption from the. lungs or skin (EPA 1985a). Absorption of
hexachlorobenzene from the gastrointestinal tract appears to depend on the
vehicle used during test material administration (EPA 1985a). Eighty percerdt
of the dose is absorbed when hexachlorobenzene is administered in olive oil§
less than 20% of the dose is absorbed when hexachlorobenzene is administered
in an aqueous solution (EPA 1985a, 1984a). Intestinal absorption of
hexachlorobenzene occurs mainly via the lymphatic system (IARC 1979).
Hexachlorobenzene is distributed to tissues that have a high 1ipid content
(EPA 1985a). The adipose tissue accumulates the greatest concentrations of
hexachlorobenzene in all of the species studied (EPA 1985a). Bone marrow and
skin also accumulate large amounts of hexachlorobenzene (EPA 1985a).
Hexachlorobenzene is metabolized to lesser chlorinated benzenes and
chlorinated phenols which are excreted in the urine as glucuronide and
glutathione conjugates together with small amounts of unchanged
hexachlorobenzene (EPA 1985a). The excretion of hexachlorobenzene occurs
primarily as the parent compound through the feces (EPA 1985a).

QUALITATIVE .DESCRIPTION OF HEALTH EFFECTS
CARCINOGENICITY

Cabral et al. (1977) fed diets containing 0O, 50, 100, or 200 ppm
hexachlorobenzene to Syrian golden hamsters for 1ife (EPA 1984a). These diets
contained 4, 8, or 16 mg/kg/day hexachlorobenzene and resulted in significant



increases in the incidences of hepatomas and hemangicendothelioma of the
livers of exposed male and female rats (EPA 1984a). The incidence of hepatoma
was 47% for both sexes at 4-5 mg/kg/day (EPA 1984a). The incidences of
hemangioendothelioma were 20% in males at 8 mg/kg/day and 12% in females at 16
mg/kg/day (EPA 1984a).

Liver hepatomas were also produced in both sexes of Swiss mice administered
hexachlorobenzene for 106 weeks (EPA 1984a). At 24 mg/kg/day, the incidences
were 34% for females and 16% for males (EPA 1984a).

Liver tumors (hepatomas or hepatocellular carcinomas) were found in three
studies which included three different strains of rats: Agus, Wistar, and
Sprague-Dawley .(EPA 1985a). These tumors were induced at doses between 1.5
and 8 mg/kg/day (EPA 1985a). Smith and Cabral (1980) demonstrated an
increased incidence of liver cell tumors in female MRC Wistar and Agqus rats.
exposed to dietary levels of 100 ppm hexachlorobenzene for 75 to 95 weeks (EPA
1984a). Liver tumors were observed in rats exposed to 75 or 150 ppm
hexachlorobenzene in the diet for up to 2 years (EPA 1984a). Arnold (1983)
observed hepatocellular carcinomas in male and female Sprague-Dawley rats
exposed to hexachlorobenzene in ytero, during lactation, and in the diet for
the remainder of their 1ifetimes (130 weeks) (EPA 1985a).

The data on hexachlorobenzene provide sufficient evidence of the
carcinogenicity of hexachlorobenzene, since there were increased incidences of
malignant tumors of the livers in two species (hemangiocendothelioma in
hamsters and hepatocellular carcinoma in rats) as well as reports of hepatomas
in mice, rats and hamsters (EPA 1985a).

MUTAGENICITY

Hexachlorobenzene was not mutagenic when tested in the Salmonella typhimurium
histidine reversion assay with and without metabolic activation (EPA 1985b).
It did not induce dominant lethal effects in male rats (EPA 1985a).
Hexachlorobenzene was found to be mutagenic in a yeast assay, Saccharomyces
cerevisige at a concentration of 100 ppm (EPA 1985a).



TERATOGENICITY/REPRODUCTIVE EFFECTS

Hexachlorobenzene is fetotoxic and produces some teratogenic effects in
experimental animals (IARC 1979). Fetotoxic effects include elevated liver
weights in rats and hepatomegaly and reduced survival in cats (EPA 1985a).
Hexachlorobenzene given to pregnant mice was found to produce cleft palates
and renal agenesis in exposed (concentrations unspecified) pups (EPA 1985a).

ACUTE/CHRONIC EFFECTS

The acute oral toxicity of hexachlorobenzene has been found to be low (EPA
1985a). The following LD50 values have been reported in the literature:
rats, 3,500-10,000 mg/kg; rabbits, 2,600 mg/kg; cats, 1,700 mg/kg; and mice,
4,000 mg/kg (EPA 1985b).

e o

Subchronic oral toxicity studies conducted in several mammalian species
indicate a significant increase in liver and kidney weights (EPA 1985a).
Histological changes have been identified in the livers of exposed animals
(i.e., irregular shaped and moderately enlarged liver mitochondria and
increases in the size of the centrilobular hepatocytes) (EPA 1985b).

Chronic oral toxicity studies revealed similar effects to those seen in the
subchronic studies (EPA 1985a). In addition, hexachlorobenzene is associated
with increases in mortality and with lesions of the liver and kidney (EPA
1985a). Other effects reported include multiple alopecia and scabbing,
associated with neurological effects in rats, mice and dogs (EPA 19853).
Increased porphyrin levels in the l1iver and urine have been reported for all
species studied except the dog (EPA 1985a).

The exposure of humans to hexachlorobenzene (0.05 to 0.2 g/day) in Turkey from
1955-1959 resulted in hexachlorobenzene-induced porphyria turcica (EPA
1985a). This disease is manifested by disturbed porphyrin metabolism,
cutaneous lesions and hyperpigmentation (EPA 1985a). Follow-up studies
conducted with patients 20 to 25 years after the onset of porphyria showed
that a few patients still had active porphyria, whereas 50% exhibited



hyperpigmentation and scarring as well as other dermatologic, neurological and
skeletal features of hexachlorobenzene toxicity (EPA 1985a).

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS

Applying EPA's criteria for evaluating the overall weight of evidence of
carcinogenicity to humans (EPA 1984b), hexachlorobenzene has been classified
by EPA in Group B2--Probable Human Carcinogen. This category applies to
agents for which there is inadequate evidence of carcinogenicity from human
studies and sufficient evidence from animal studies (EPA 1984b).

EPA (1984c) derived a carcinogenic potency factor (q;) of

1.7 (mg/kg/day)'] based on the incidence of hepatoceilular carcinoma in
female rats fed diets containing hexachlorobenzene for up to 2 years (EPA
1984a). The concentration in drinking water corresponding to a 10-6 excess,
lifetime cancer risk is 0.02 ug/liter (EPA 1984a). ‘

The EPA Office of Drinking Water developed longer-term health advisories (HAs)
of 0.175 mg/liter for a 70 kg adult and 0.050 mg/1iter for a 10 kg child (EPA
1985b). The HAs are based on the study by Kuiper-Goodman et al. (1977) in
which male and female Charles River rats were fed hexachlorobenzene at 0.5,
2.0, 8.0, or 32.0 mg/kg bw/day for 15 weeks. Female rats were found to be
more susceptible to hexachlorobenzene, as indicated by all parameters studied,
and a no-observed-adverse-effect level (NOAEL) of 0.5 mg/kg/day was concluded
by the authors. At higher doses there was an increase in liver porphyrin
levels in females and an increase in the size of centrilobular hepatocytes
along with depletion of hepatocellular marker enzymes.

The EPA Office of Drinking Water also developed a drinking water equivalent
Tevel (DWEL) for noncarcinogenic end points of toxicity over a lifetime of
exposure (EPA 1985b). A drinking water equivalent level of 0.028 mg/liter was
derived for a 70-kg adult drinking 2 liters of water per day. The derivation
of the DWEL was based on a 130-week study in which male and female ‘
Sprague-Dawley rats were exposed to hexachlorobenzene in yterg, during
lactation, and in the diet for the remainder of their lifetimes (EPA 1985b).

A NOAEL of 1.6 mg/kg (0.08 mg/kg bw/day) was identified. At higher dietary



levels, there was an increase in the incidence of hepatic centrilobular
basophilic chromogenesis. EPA (1985b) estimated the excess cancer risk that
would result if exposure were to occur at the DWEL over a lifetime. The
estimated excess cancer risk associated with lifetime exposure to drinking
water containing hexachlorobenzene at 0.028 mg/liter is approximately
1x10’3. This estimate represents the .upper 95% confidence limit from
extrapolations prepared by EPA's Carcinogen Assessment Group using the
linearized{ multistage model.

EPA (1980) has set ambient water quality criteria (AWQC) for hexachlorobenzene
of 7.2, 0.72, and 0.072 mg/liter corresponding to cancer risks of 10'5,

10'6. and 10'7. respectively, assuming 70-kg humans consume 2 liters water

and 6.5 g fish and shell fish.

SUMMARY OF HEXACHLOROBENZENE CRITERIA

N

EPA carcinogen classification Group B
Oral carcinogenic potency factor 1.7 (mg/kg/day)"
Longer-term HA:
Adult 0.175 mg/liter
Child 0.050 mg/liter
DWEL 0.028 mg/liter
AWQC (corresponding to a 10-6 0.720 mg/1iter

excess lifetime cancer risk
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PHENOL

NTR T

Phenol is a high volume industrial chemical that is widely used as an
intermediate in the manufacture of other chemicals and is a by-product of
combustion and some industrial processes. It is also produced by biological
processes, e.g., microbial metabolism in the gut and metabolism of certain
drugs in vivo (EPA 1980). It is a component of several over-the-counter
medicines for both topical and oral administration.

PHARMA NET

Phenol is readily absorbed through the gut, by inhalation, and .
percutaneously. Following absorption, the compound is rapidly distributed‘
systemically. The majority of phenol and its metabolites are excreted rapidly
in the urine (EPA 19380).

ALITATIV RIPTION OF HEA FECT

The National Cancer Institute (NCI 1980) conducted a subchronic (90-day) study
and a carcinogenesis bicassay of phenol administered in drinking water to
F344/N rats and 86C3F] mice. In the subchronic study, doses of 100, 300,
1,000, 2,000, and 10,000 ppm phenol were not associated with mortality or
histological changes; rats and mice of both sexes receiving 10,000 ppm
consumed less water than animals in the control or other treatment groups and
their body weigbts decreased. In the 105-week carcinogenesis bioassay, no
treatment-related mortality, tumors, or nonneoplastic lesions were reported in
rats or mice ingesting water containing 2,500 or 5,000 ppm phenol. A
dose-related depression in mean body weight, which was related to decreased
water consumption, occurred in both species of rodents.

Phenol exhibited tumor-promoting activity in the mouse skin painting system
following initiation with 9,10-dimethyl-1,2-benzanthracene (OMBA) or
benzo(a)pyrene (BaP), and it exhibited cutaneous c;rcinogenic activity in a



sensitive mouse strain when applied at concentrations that produced repeated
skin damage (EPA 1980). )

There are no data in the literature on the carcinogenicity of inhaled phenal
in experimental animals or humans. The compound is mutagenic in several
systems, ‘but not in others (NCI 1980). There are no data on its
teratogenicity (EPA 1984a).

Signs of acute phenol toxicity in humans and experimental animals are central
nervous system depression, collapse, coma, cardiac arrest, and death. Acutely
toxic doses can also cause extensive necrosis at the site of exposure (eyes,
skin, oropharynx) (EPA 1980).

In a subchronic oral (gavage) study in rats (Dow Chemical Co. 1976), 0.1 g/kg
phenol induced "slight liver changes and slight to moderate kidney damage'f in
animals. Howe#er, lack of study details (numbers of animals, incidence |
figures, specific lesions) in the 1980 EPA document make these results
unreliable for interpreting the toxic changes. Subchronic inhalation studies
conducted by Deichmann and Witherup (1944) in guinea pigs, rabbits, and rats
were inadequately designed (no control groups). Therefore, caution should be
used in interpreting the pulmonary, myocardial, renal, and hepatic damage as
compound induced. The results of other subchronic inhalation studies are
difficult to interpret based on the information in secondary sources (EPA
1980, 1984a).

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS

Applying the criteria for overall weight of evidence of carcinogenecity
proposed by the Carcinogen Assesment Group of EPA (EPA 1984b), phenol has been
classified in Group D--Not Classified (EPA 1984a). This category appiies to
agents for which there are no data available regarding carcinogenicity in
humans or experimental animals.

A reference dose (RfD) of 0.1 mg/kg/day for ingestion of phenol was based on
the Oow Chemical Co. (1976) subchronic rat study. The ambient water quality
criterion (AWQC) of 3.5 mg/liter/day for drinking water was extrapolated from



this study. The AWQC based on organoleptic properties was established at 0.3
mg/liter (EPA 1980).

An inhalation acceptable intake chronic (AIC) of 1.4 mg/person/day was
recommended by EPA (1984a) based on the threshold limit value of 19 mg/m3
phenol established by the American Conference of Governmental Industrial
Hygienists (ACGIH 1983).

SUMMARY OF PHENOL CRITERIA

EPA Carcinogen Classification Group D

Reference dose (RfD) . 0.1 mg/kg/day

AIC (inhalation) 1.4 mg/person/day

AWQC 3.5 mg/liter .
E
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PAYLRINATED BIPHENLS (PC3s)

INTRODUCTION

PAs are complex mixtuwres of chlorinated biphenyls. The commercial PC3
mixtures that were manufactwed in the United States were given the trade
name of "Aroclar.” Arccloars are distinguished by a fowr-digit mumber (fcx
exanple, Aroclcer 1260). The last two digits in the Aroclar 1200 series
represent the awerage percentage by weight of chlarine in the product.

QRALITATIVE DESCRIPTION OF HEALTH EFFECTS

PHARMACOKINETICS

Lo, o

. Absacprion

Ps are readily absarbed throudch the gastrointestinal (G.I.) tract and
sanewhat less readily through the skin. G.I. absarption in rats is greater
than 0% for a wide range of isamers (Allro and Fishbein 1972) . Dermal

absarption of Aroclar 1242 in a benzene/hexane salution was 15-34% in monkeys

(Wester et al. 1983). PBs are presumably readily absocbed from the lungs,
but few data are availahble that experimentally define the extent of absarp-
tion after inlalation (EPA 1985a).

Metabalisw and Excretion

Abscrbed PQBs in the blood are distributed initially to the liver, .but
within a few days the liver concentrations are greatly redumd as redistri-
hution occwrs. Less chlarinated chloarobiphenyl isamers are metabolized,
but chlarobiphenyl isaners with higher percentages of chlorine are very
lippphilic and are redistrituted to adippse tisswe, skin, and other argans
(Matthews 1983). The major metabalic products of Ps are phenalic deri-
vatives a dihydrodials. '



Sequestering of PG3s in adipcse tissue isalates them fram metabalically
active liwer miyma and greatly retards their clearance fram the dy.
PC3 metabalites are excreted in the urine and bile, apparently exclusively
in the onjugated fam. Excretion in urine is mcre praminent for less
chlorinated chlarobiphenyl .isamers while bile becames significant for maxe
highly chlarinated compounds (Safe 1980). Excretion of PC3s also has teen
reported in milk (Peichmann 1981) . |

Enzyme Induction

Like other arganochlcrine compownds, PBs can cawse marked induction of
microsanal enzymes. Microsanal mixed-function enzymes metabalize a large
variety of lipphilic compounds. 1In general, the intensity of indwtion
increases with increasing chlorination of the mixture of PBs and is dcse-,:
related. The enhanced activity of hepatic enzymes indued by PBs can "
persist foar a considerable period of time after dosing (NRQCC 1978).

NONCARCINOGENIC HEALTH EFFECTS

?(8s have a nunber of documented toxic effects on humans and other mammals;
roncarcirogenic effects are sumarized in the fallowing subsections.

Health Effects Observed in Humans

In meidering the health effects of P(B exposwxe observed in humans, it

is important to note that P(8s are often contaminated with highly toxic
impurities, particulaly plychlarinated ditendfxrans (POFs). As the
effects dde to PCFs versus P(Bs have not been separated in mcst hunan
stulies and tacause the two cause simila effects, the fallowing discussion
refers to camercial mixtixres. The reader should recognize that at least
 sane of the reported effects may te due to the POOP impurities.

Dermatitis and chlaracne (a disfiguring and long-term skin disease) have
teen the most raminent and mmeistent findings in stulies o occumtional
expasure to PBs. Interpxetation of these data is camplicated by the



difficulty of diagnosing chloracme and the wncertainties of blood 23 deter-
minations. Reports of both chlaracme and other PGB-related skin effects
have generally teen associated with exposwres to more highly chlerinated
?CG mixtures containing 42% chlorine or mare (Chase et al., 1982, =Zmmett

et al. 1983, Maroni et al. 198la,b, Pischbein et al. 1979). Smith et al.
(1982) reported no PC3-related skin effects in warkers exposed to high
levels o Arccler 1016, which is less chlarinated.

Several studies examining liver function in expased humans have reported
disturbances in blood levels of liver enzymes. Maroni et al. (198lb),
Chase et al. (1982), Smith et al. (1982) , and Emmett et al. (1983) found
statistially significant associations between blood PG levels and elevated
levels of GGIP, SGOT, @ both. There is m evidence that a "no-effect”
level exists for these effects, since mrrelatiors were found in individwuals
with lov mean blood P33 levels. t

Reprodwctive outcomes of wanen exposed to PBs fram high comsumption of
P@-contaminated f£ish from Lake Michigan were campared to births fran wamen
Wwto reported no such exposure (Fein et al. 1984a,b, Jacbson et al. 1983,
Jacobson et al. 1984). Reduced birth weights, slow weight gain, reduced
gstational ages, and behaviaral deficits in infants were reported in a
methodalogically sound study. The study did not, hovever, rigarously establis'h
that the cauwsative factar was exposwre to PBs rather than other contaminants
pcesent in Lake Michigan fish.

Health Effects Reported fram Animal Studies

Based on the published literatwre, reproductive, hepatic, and immunotoxic
effects appear to be the most sensitive end ppints of PGB toxicity in mon-
rodent species, and the liver appears to be the most sensitive target argan
for toxicity in rodents.

P@Bs are not highly toxic when given a8 a single oral dose to mammals (RKim-
brough et al. 1978, P@Bs axd would be classified as only slightly toxic
based on acute oral toxicity (Hodge and Sterner 1949). The mcore significant



toxic effects of ?3s are okserved on repeated exposure over a period of
time.

The most comsistent pathological chahgs occwrring in mammals other than

monkeys and mink after PCB exposure are in the liver (EPA 198%). Patty
deposits and increased liver sizs are mmmonly reported. Individial hepatocytes
may appear foamy and vacualated. Cellular necrosis can occwr at high dcses,

and the lccation of lesiorns is often centrilobular (Sleight 1983).

Camparative studies lave shown that Aroclar 1254 is uwsually the mocst epato-
toxic mixture. 1In rats, Aroclar 1260 was significantly less toxic to the
liver than Aroclar 1254 (Kimbrough et al. 1972). Aroclors 1248, 1242,

and 1016 are progressively less toxic than Arcclar 1294 (Kaller 1977, Burse
et al. 1974). | ‘
A skin syndrane similar to the effects seen in humans has teen reported

in monkeys. Barsotti et al. (1976) and Allen et al. (1979) fed diets con-
taining 2.5 and S ppm Aroclar 1248 to rhesus monkeys for 7 months. Weight
loss, falloved by hair loss, ache of the fac® and neck, eyelid edema and
erythema, and keratini ation of hair fallicles were reported. McNulty

et al. (1980) raported similar effects in rhesus monkeys exposed to Aroclcx
1242 and individmml chlarcbiphenyl isamers. These awthors indicated that
swelling of the eyelids, resulting fram dilation of the Meibamian glands

is the most sensitive indicatax of cilarinated aramatic hydrocarbon poisoning
of monkeys.

Reprodictive effects of P(Bs hawe been demornstrated in aimals, but there
appear to be majar differences in the susceptibility of different species.
Mink and monkeys appear to be relatively sensitive; mice, rats, and rabbits
appear relatively insensitive.

Dietary admini stration of PBs far 9 months iar to whelping caused low-
ered rexxoductive success in mink. Feeding Aroclar 1254 at 2 ppm or Aroclor
1243 at 5 ppm was Jdetrimental to reprodiction. Arccler 1016 at concentrations



a high as 20 pmm did not lawer the number of young barn per female: The
P@s were embtryotoxic to developing embryos, but spermatogenesis, oogen-
esis, ad implantation were unaffected. Transfer of PBs to the surviving
pups through mother's milk was a significant contrituting factaxr to offsmxing
"exposwre “(Ringer 1983).

Monkeys also appear to be sensitive to the reprodictive effects of P@Bs.
Altered menstrual cycles, reduced treeding success, and lowered birth rates
were reported in monkeys exposed to dietary levels & 2.5 and 5.0 ppm Arcclar
1248 far 6 to 7 months befcre treeding (Barsotti et al. 1976) . When famale
monkeys were exposed to 0.5or 1 pmm Aroclar 1248 (three times per week)

foar 7 months prior to treeding (Allen et al. 1979, Bouman et al. 1981,

o toxic signs were observed in the mothers. The infants, however, had |
reduced birth weights, developed hyperpigmentation during nursing, and (
were marginally hyperactive at age 12 months. "™No-effect"” levels hawe

not been demonstrated for reproductive effects in monkeys, since toxicity
was cbserved at the lowest doses tested. Far comparison, Linder et al. (197%)
performed a two-generation study in rats and reported dcse-related effects
(reduced numbers of litters, litter-gizes and pup swvivals, and mthological
lesions in offspring) of Aroclar 1254 at dietary concentrations dawn to

20 ppm. Arcclar 1260 was ot as toxdc in the same experiment.

Immunotoxic and immuncsuprresive effects mave been reported in most experi-
ments in which these end ppints have bteen investigated, and are among the
acre sensitive indicators of PC3 exposixe (EPA 198%5a) . Monkeys seem to

e the most sensitive species; quinea pigs are relatively sensitive; and
rabbits, rats and mice appear relatively insensitive, Rhesus monkeys chron-
ically exposed to Aroclar 1248 exhibited atrophy or hymocellularity of

the thymus, spleen, lywuph mdes, and bone marrow; these effects were par-
ticularly marked in infants after chronic exposwres of their mothers to
diets containing 2.5 ppm Aroclar 1248 (Allen and Barsotti 1976, Allen et al.
1980) . Redwctions in cell-mediated immnity, humaral immnity, or toth
were reported in monkeys chronically expcsed to diets containing L5 @

S ppm Aroclar 1248 (Ttomas and Hinsdill 1978) , and in monkeys dosed with



100 or 400 ug/k3/day Arcclar 1234 (Truelove et al. 1982). Increased suscepti-
bilities to infectiouws diseases in PO-expased monkeys have been reported
by Allen et al. (1979 , McNulty et al. (1980) , and Barsotti et al. (1976).

CA\RCINOGENIC HEALTH.EFFECTS

A number of stulies have suggested that P8 mixtures are capable of increasing
the frequency of tumors in animals expcsed to the mixtwes for long periods.
Three stulies in particular were well-conduwted and well-reported. Kimtrough
et al. (1975) expcsed female rats to 0 and 100 ppm Aroclar 1260 in the

diet for 20-21 months and the treated animals had a high frequency of liver
tunors. The National Cancer Institute (NCI 1978) reported significant
dose-related irncreases of liver tumors and hyperplastic nodules in the
livers of rats fed diets containing 0, 25, 50, & 100 ppm Aroclar 1254 E
far 104-10S5 weeks. Schaeffer et al. (1984) reported on a cmparatiwe study
in male rats of the carcirogenicity and chronic toxicity of Clophen A60
(equivalent to Arcclar 1260) and Clophen A30 (equivalent to Aroclar 1242)
fed at concentrations of 100 ppm in the diets far up to 832 days. A strong
carcimgenic effect of Clcphen A60 (hepatocellular carcimomas and/a neo—
plastic rodules) and a weaker carcimgenic effect of Clophen A30 (neoplastic

nodules) were reported.

Studies have suggested that P(B mixtures can act to pramote or inhibit

the action of other carcimgens in rats and mice. Preston et al. (1981)
reported that exposixre to Areclar 1254 at a concentration of 100 ppm in

the diet for 18 weeks markedly augnented the development of liver tumors
initiated by diethylnitrasamine in rats. In two-stage bicassay systems

in rat livers using diethylnitrosamine as an initiatcr, Clophen AS0 (egquiva-
lent to Arcclar 1254) and Arcclar 1254 were shown to have pramcting activi-
ties by Oesterle and Deml (1984) and Pereira et al. (1982) , respectively.
The Oesterle and Deml (1984) stuly is rotewcarthy as the only dose-resporse
study of cancer pxramotion by P(Bs.

PG mixtures and several isamers have been stulied for genotoxic effects,
and the results have been generally negative (EPA 1985a). Studies of the



metabalic activation of ?s and their ability to induce microsamal enzymes
have demomstrated that PGB isaners and their metatolites do bind to maco-
malecules, including DNA, with varying degrees of affinity. This suggests
that PAs are capable of damaging DNA, mut it is unclear whether the damage
is repairable or likely to produce pernmanent alterations in the gename.
Their ability to indwe enzymes respprsible for the metabolic activation

of cther known mutagens and carcirogens may be the greatest genetic tazard
cosed by PGBs.

QUANTITATIVE (ESQRIPTIN COF HEALTH EFFECTS

EPA Carcimpgen Assessment Group (EPA 198%3) calculated a low-level cancer
potency factaxr for P(Bs based on a study of rats exposed to Aroclar 1260
Kimbrough et al., 1975 . The data on liver tumor incidence in the rat
study was uwsed in the linearized multistage model to calculate 95% upper ‘
oonfidence limits on risk. The risks determined using this approach are
wnlikely to mderestimate the actwal risks posed by exposure to law levels
of PG3s in the envirorment and may overestimate risk. The carcimogenic
otency factor foar lifetime exposwe to PCG3s is 4. 34 (mykg/day)'l, indicating
that a risk of 4.34 (upper bound) is associated with ontinwus lifetime
exposure to a dse of 1l mg/ky/day. EPA (1984) classified the weight of
the evidence fx carcirogenicity as B2--Probable Human Carcirogen based

on sufficient evidence in animal biocassays and inadequate evidence fram
studies in hunans. Based on the Schaeffer et al. (1984) study, one would
expect less chlarinated P3 mixtures to be less potent, but potency factars
for mixtures ocher than Arocler 1260 have not been calculated.

EPA (1980) derived an Ambient Water Quality Criterion (AWX) for the protection
of hunan health fraon the potential carcirpgenic effects of P(Bs through
ingestion of contaminated water and ontaninated aquatic org@anians. The
recamended AWQC carresponding to a 10-6 incremental increase of cancer

risk over a lifetime is 0.079 ng/liter.

The American Conference of Govermmental Industrial Hygienists (ACGIH 1986)
recmmends a time-weighted average Tireshold Limit Value (TIV) of 1 mg/m3



for Arochlor 1242, which should offer good protection against systemic
intoxication. The ACAH also recommends a time-weighted average TLV o
0.5 mg/m> for Arochlor 1254.
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PALYCYCLIC AROCMATIC HYDROCARBQNS

INTRODUCTION

Palycyclic aromatic hydrocarbons (PAHs) are a.diverse class .of compounds
consisting of two or more fused aramatic rings. They are formed during
the incomplete combusticon of materials containing carbon and hydrogen
and are ubiquitous in the modern enviromment. PAHs are cammonly found
as constituents of ooal tar, soots, vehicular exhausts, cigarettte smoke,
certain petroleum products, road tar, mineral oils, creosote, and many
cooked foods.

A nunber of reviews have been prepared on the toxicmlogy of the PAHs. '
The Envirormental Protection Agency (EPA) prepared an Ambient Water Qua;;lity
Criteria Document on the general class of polynuclear aromatic hydrocarbons
(EPA 1980a) and also prepared Criteria Documents on sewveral specific PAHs,
including acenaphthene, fluwranthene, and naphthalene (EPA 1980b-d).

More recently, EPA (1984a-f) prepared Health Effects Assessments for PAHs
as a class, for coal tars, and for the individual compounds benzo(a)pyrene
(B(a)P) , naphthalene, phenanthrene, and pyrene. In addition to the EPA
documents, Santodonato et al. (198l) prepared a review and risk assessment
of polynuclear aramnatic hydrocarbons, and the International Agency for
Research on Cancer (IARC) reviewed the toxicity and carcinogenicity of

a large number of individual PAHs and PAH-containing mixtures (IARC 1973,
1983, 1984, 1983).

QUALITATIVE DESCRIPTION OF HEALTH EFFECTS

Acute effects fram direct contact with PAHS and related materials are
limited primarily to phototoxicity. Phototoxicity is caused by exposure

to a toxic substance followed by exposure to sunlight. The primary effects
are dermatitis—skin reddening, itching, and burning. NIOSH (1977) reviewed
the phototoxic effects of exposure to coal tar and found that phototoxicity
can result from a single 90-minute exposure to a 1% solution of cocal tar.



These dematoses usually disappear when contact with the sensitizer is
eliminated.

The polycyclic aromatic hydrocarbons have been shown to cause cytotoxicity
in zapidly.praliferating.cells _throughout the body, .with the hematopoietic
system, lymphoid system, and testes freqéntly noted as targets (Santodonato
et al. 198l). This effect appears to be due to inhibition of DMA replication
by the PAHs. Destruction of the sebaceous glands, hyperkeratosis, hyperplasia,
and ulceration have been observed in mouse skin following dermal application
of the carcinogenic PAHs, with the degree of imduced morphological changes
appearing to correlate with the carcinogenic activity. However, it does

not seem that this dermal toxicity is necessary or sufficient for carcino-
genesis (Santodonato et al. 198l1). It should be noted that similar types

of dermatitis have been observed in workers exposed to such PAH-containing
materials as coal tar and mineral oil. The carcinogenic PAHs have also‘

been shown to have an immunosuppressive effect in animals. Again, it

is not clear what relationship, if any, this immunosuppression has with
carcinogenesis.

Same of the noncarcinogenic PAHs have been shown to cause systemic toxicity,
but these effects are generally seen only at rather high doses (Santodonato
et al. 198l). For example, slight morghological changes in the livers

"and kidneys of rats have been reported following oral administration of
acenaphthene. Oral administration of naphthalene to rabbits has resulted
in cataract fomation.

Nanneoplastic lesions are seen in animals exposed to the more potent carcirc-
genic PAHs only after exposure to levels well above those required to

elicit a carcinogenic response. Consequently, carcimogenicity is the

toxic effect of greatest public health ccncern following exposure to materials
containing carcinogenic PAHs. A nunber of the PAHs have been shown to

be potent carcinogens, producing tumors both at the site of application

and systemically, in several different animal species, when administered

by any of a number of routes. For example, Rigdon and Neal (1969) reported
gastric tumors, pulmcnary adenomas and leukemias in mice fed B(a)P, and



intratracheal instillation of a number of PAlls has been shown to cause

lung tumors in both mice and hamsters (Santodonato et al. 1981). 1In addi:ion,
IARC (1984, 1985) have noted that occupational exposure to oal soct,

oal tar and pitch, coal tar fumes, and same impure mineral oils causes
cancer in humans at several sites, including the skin, and concluded that
there is sufficient evidence that sooté, tars, and same mineral oils are
carcinogenic in humans. Fractionation procedures have demonstrated that

the PAHs are the carcinogenic agents in <al tar.

JUANTITATIVE DESCRIPTION CF HEALTH EFFECTS

Not all PAHs have been demonstrated to be carcimogenic in animals, and
same carcinogenic PAHS are clearly more potent than others (IARC 1983). ~
A nunber of factors have been shown to influence the relative ca:cinogeni:c

potencies of the PAHs. These inclule planarity of the molecule, cellular
absorption, binding affinity, the presence or absence of a particular

molecular structure, and the electron configuration of the molecule (Dipple

et al. 1984, Frierson et al. 1986). In addition, genetic differences

in the exposed animals, particularly in their ability to groduwe aryl

hydrocarbon hydroxylase (AHH) , have been shown to influence carcinogenic

potency. Finally, the PAHs are not ultimate carcinogens but must be metabolizad
before they became biologically activated. A complete description of

the complex metabolism of these compounds is beyond the scope of this

report, but a detailed review of the factors influencing the carcinogenicity -
of the PAHs and metalolism of these compounds can be found in Dipple et al.

(1984) , Santodonato et al. (198l), and Frierson et al. (1986). For purposes

of risk assesmment, it is sufficient to mote that the potencies of different

PAHs vary over a wide range and that a number of factors, including factors

specific to the chemical, the host animal, and the circumstances of exposure,

affect carcinogenic potency.

For practical purposes, the PAHS are often separated into two categories,

the "carcinogenic® and the "roncarcinogenic® PAHsS. This is a samewhat
misleading categorization as many of the "roncarcinogenic” PAHs have been
shown to have sane, albeit weak, carcinogenic activity, or to act as pramoters



or cocarcinogens. A more accurate designation would be to differentiate
between potent carcinogens, weak carcinogens, and noncarcinogens. Another
factor camplicating the assessment of risks posed by the PAHs is that

they do not occur alcne in nature, but occur as complex mixtures containing
-numerous .PAHs .of varying carcinogenic potencies. The potential interactions
of the individual PAHs present as components of these mixtures must be

addressed in attempting to quantify the carcinogenic risks posed by exposure
to the mixtures.

The approach adopted by EPA (1980a, 1984a) as the basis for risk assessment
is to apply a carcinogenic potency factor calculated fram assays on B(a)?
to the subclass of carcinogenic PAHs within the mixture that is to be
assessed. This approach involves three assumptions: (1) that all carcinogenic
PAHs have the same potency as B(a)P; (2) that their effects are addxt:.ve.

and (3) that the noncarcinogenic PAHS do not contribute to the carc:.nogem.c
effects of the mixture. Although there is limited empirical evidence
to support assumptions (2) and (3), assumption (1) may lead to large over-
estimates of risk because B(a)P is one of the mcst potent carcinogens

among the PAHsS and is usually present only in a small percentage of the
total mixture. -

EPA (1980a, 1984a) calculated a value of 11.5 (mg/kg/day) L as the carcinc-
genic potency factor (upper bouxd on lifetime risk) for oral exposure

to the carcinogenic PAHs, based on the study of Neal and Rigdon (1967)

in which oral administration of B(a)P led to forestamach tumors in mice.
EPA (1984a) calculated a cancer potency factor for inhalation of B(a)P
based on the study of Thyssen et al. (198l as cited in EPA 1984a). This
assay ewaluated the producticn of respiratory tract tumors in hamsters
using B(a)P at concentrations of 2.2-9.5 mg/m>. The linearized multistage

model yielded a carcinogenic potency factor of 6.11 (mg/kg/day)'l.

EPA's Carcinogen Assessment Group has not reported a risk assessment for

dermal expogsure to the carcinogenic PAHs. Santodonato et al. (198l) periz—=x
risk assessments for both dermal and oral exposure and indicated that



B(a)P was more potent when applied dermally than when administered orally.
A number of factors may account for this difference in relative potency
and a complete derivation of a dermal potency factor is beyond the scope
of this profile.

In addition to quantification of the effects of individual PAHs, EPA developed
a cancer potency factor for inhalation of coal tar pitch volatiles (EPA

1984b) . This study evaluated epidemiclogical data from exposure of coke

oven workers to between 0 and greater than 700 mg/m3-mnth coal tar vapors.

The equivalent incremental risk calculated fram the study was 3.2 (mg/kg/day)'l.
Coal tar pitch wolatiles were classified in Group A—Human Carcinogen.

IARC (1983) in reviewing the carcinogenicity of the PAHs, indicated those
for which there was sufficient, limited, inadequate, or adequate negative
evidence of carcimogenicity (Table 1l). The more potent carcinogens are'

almost certainly included within the group for which sufficient evidence

of carcinogenicity is available.



TABLE 1

CLASSIFICATION CF PAHs ACCORDING TO
EVIDENCE FOR CARCINOGENICITY

Chemicals for which there is sufficient evidence that they are carcinogenic
in animals:

Ben2o (a) anthracene TH-Dibenzo (c,g)carbazole
Ben2o (b) flwranthene Dibenzo (a,e)pyrene
Benzo(j) fluoranthene Dibenzo(a,h)pyrene

Benzo (k) fluwranthene Dibenzo(a,i)pyrene

Benzo (a)pyrene Dibenzo(a,l)pyrene
Dibenzo(a,h)acridine Indeno(l,2,3-c,d)pyrene
Dibenzo(a,j)acridine S-Methylchr ysene

Dibenzo(a,h)anthracene

Chemicals for which there is limited evidence that they are carcinogenic
in animals: . i

{

Anthranthrene Diben2zo (a,c)anthracene
Benzo(c)acridine Dibenzo (a,j)anthracene

Carbazole Dibenzo(a,e)flwranthene
Chrysene 2=, 3-, 4-, and 6-Methylchrysene
Cyclopenta (c,d)pyrene 2- and 3-Methylflworanthene

Chemicals for which the evidence is inadequate to assess their carcinogenicity:

Benzo(a)acridine Coronene

Benzo(g,h,i) fluoranthene 1,4-Dimethylphenanthrene
Benzo (a)flwrene Fluwrene

Benzo (b) fluorene 1-Methylchr ysene
Benzo(c) flwrene l-Methylphenanthrene
Benzo(g,h,i)perylene Perylene

Benzo (c)phenanthrene Phenanthrene

Benzo (e) pyrene Triphenylene

Chemicals for which the available data provide no evidence that they are
carcinogenic:

Anthracene Pyrene
Flworanthene :

SOURCE: IARC 1983
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TOLUENE

INTRODUCTION

Toluene cccurs -naturally as a camponent -of petroleum oil. It is used in the
production of benzene and cother organic solvents ard as a solvent for paints,
coatings, qums, oils, and resins.

PHARMACOKINETICS

In lumans, toluene is absorbed quickly through the respiratory tract: dermal
absorption of aquecus toluene is directly related to concentration (EPA
1985a). Because of its lipophilic nature and low water solubility, toluene is
expected to distrilute and accumilate in lipid tissue (EPA 1985b). In hu:r:,'ms
and animals, toluene is excreted via the urine as the metabolite hippuric acid
and through pulmonary exhalaticn as the unchanged compound (EPA 1985a).

QUALTTATIVE DESCRIPTION OF HEALTH EFFECTS

CARCINOGENICITY

Toluens has not been adequately tested for carcinogenicity. A chronic
(106~week) cral bicassay of toluens conducted in F344 rats of both sexes
resulted in no carcinogenic effects (CIIT 1980 as cited in EPA 1985b). Gross
and microscopic eamination of tissues arxd organs revealed no increase in
necplastic tissues or tuncr masses among rats treated at 30, 100, or 300 ppm
when campared with controls. However, the highest dose used did not approach
the maximm tolerated dose (MID); therefcre, it has been suggested that
toluene may not have been adequately tested for carcinogenicity. The Natiocnal
Toxicology Program is axrently conducting an inhalation carcinogenicity
bicassay in rats and mice (NTP 1985 as cited in EPA 198Sa).



MUTAGENTICITY

Toluene has been tested for genotoxicity by many investigators using varicus
assay methods and has not been demonstrated to be genotoxic (EPA 1985a).

TERATOGENICITY/REPRODUCTIVE EFFECTS

Toluene administered by gavage to CD-1 mice at 260 my/kg/day on days 6-15 of
gestation caused embryo deaths, and higher doses (430 or 870 mg/kg/day) also
caused fetal and matermal toxicities and cleft palates (Nawrot and Staples,
1979 Abstract as cited in EPA 1985b).

ACUTE/CHRONIC EFFECTS

The cral LDsg in rats is between 5,300 and 7,500 my/kg (EPA 1985b). The ICsg
for inhaled toluene is 4,618 ppm after a 6~hour exposure in rats (EPA 1983a).
The dermal IDsjy in rabbits is 12.2 g/ky (EPA 1985a). In experimental animals,
acute oral and inhalation exposures to toluene result in NS depression and
histological changes in the lungs, liver, and kidneys (EPA 1985b). In hurans,
the major acute effects of toluene (375-1,500 mg/m3) are QNS depression and
narcosis (EPA 1985b) .

Toxic effects following prolanged exposure of experimental animals to toluene
are similar to those seen following acute exposure, predaminantly to the CVS,
liver, kidneys, and lungs (EPA 1985b). In humans, chronic exposures to
toluene vapcors at levels of approximately 200 and 800 ppm have been associated
with ONS and, possibly, peripheral nervous system effects, hepatameqaly, and
hepatic and rerial function changes (EPA 1985b).

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS

Applying EPA's criteria for evaluating the overall weight of evidence of
carcinogenicity to mumans (EPA 1986a), toluene is most appropriately
classified in Group D—Not Classified. This category indicates that the
evidence for carcinogenicity in animals is inadequate (EPA 1986a).



The ADI Work Graup of the Risk Assessment Forum (EPA 1986b) has identified an
oral risk reference dose (RfD) of 0.3 mg/kg/day (20 mg/day for a 70-kg man).
IheriskaDisbasadmaN-mnﬂadmnictaxidtysﬂﬁycorrhctedinmle
ard female F344 rats (CIIT 1980). Toluene was administered by inhalation at
30, 100, or 300 ppm to 120 male and female F344 rats, 6 hours/day, S
days/week. The same mumber of animals was used as a control. Clinical
chemistry, hematology, and urinalysis testing were conducted at 18 amd 24
months. All parameters measured at the termination of the stidy were normal
except for a dose-related reduction in hematocrit values in females exposed at
100 and 300 ppm toluene. Based on these findings, a
no~cbserved-adverse—effect level (NQAEL) of 300 ppm was identified and an oral
RfD of 0.3 mg/kg/day was derived.

The EPA Office of Drinking Water develcped ane-day, ten~day, ard lifetime
health advisories (HAs) for toluene (EPA 1985a). The cne-day HA values, '
derived for a 10-kg child and a 70-ky adult, are 18.0 and 63.0 mg/liter,
respectively. The ten-day HA values are based on the accumulated data on
human inhalation exposure to toluene which indicate that approximately 100 ppm
toluene for up to 8 hours/day causes no apparent adverse effects in humans.
The ten-day HA values, derived for a 10-kg child ard a 70-kg adult, are 6.0
ard 21.0 my/liter, respectively. The lifetime health advisory was based on
the study by CIIT (1980) described above. A NOAEL of 300 prm was identified
ard used to derive the risk reference dose of 0.288 mg/kg/day. The resultant
adjusted acceptable daily intake (AADI) for toluens was 10.1 my/liter. EPA's
Office of Drinking Watsr has proposed a recommended maximm contaminant level
(RCL) of 2 my/liter for tolusns based on consideration of a saurce
contribution factor of 20%. '

The Amarican Conference of Goverrmantal Industrial Hygienists has recammended
a time-weighted average threshold limit valus of 100 ppm (approximately
435 my/m3) for occupational exposure to toluens.



SUMMARY OF TOLUENE CRITERIA

EPA carcincgen classification Group D
One—day HA:
child 18.0.mg/liter
Adult 63.0 mg/liter
. Ten-day HA:
Child 6.0 my/liter
Adult 21.0 mg/liter
Lifetime HA (AADI) 10.1 mg/liter
Oral RfD 0.3 mg/kg/day
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TRICHLORCETHYLENE

QUALITATIVE DESCRIPTION C(F HEALTH EFFECTS

Trichloroethylene is a central nervous system depressant fram acute and
chronic exposure. High level exposure can result in death due to respiratory
and cardiac failure. Trichloroethylene was once used as a general anesthetic,
but its use was discontinued due to longer-term CNS effects. The longer-
term effects may have been due to impurities introduced by soda lime used

to remove carbon dioxide (EPA 1980).

The extent of trichloroethylene absorption after oral ingestion is virtually
camplete. With air exposure, absorption is proportional to concentratior
and duration of exposure. Trichloroethylene is eliminated by pulmonary
excretion of the unchanged parent campound and by liver metabolism of
urinary metabolites (EPA 1985a).

The hepatotoxic potential of trichloroethylene has been evaluated in human
and animal studies. Animal studies have revealed transient increased

liver weights, but relative liver weights decreased post-exposure (Kjellstrand
et al. 1983 as cited in EPA 1985a). Observations of liver or renal dysfunc-
tion in workers have been infrequent, and factors other than trichlorocethylene
probably were more causally related to the hepatcrenal disturbances noted

(EPA 1985a).

Industrial use of trichloroethylene is often associated with dermatological
problems. These include reddening and skin burns on contact, and dermatitis
resulting from vapors. These effects are usually the result of contact
with concentrated solvent, however, and no effects have been reported

with exposure to trichloroethylene in dilute, aqueous solutions (EPA 1983a).

Studies investigating the carcinogenic potential of trichloroethylene
have been carried out, and two of these studies revealed significant increases



in the incidence of liver tumors among both sexes of 36C3Fl mice exposed
by gavage (NCI 1976, NTP 1982 as cited in ZPA 19835a).

There is disagreement in the scientific community about the relevance

of mouse liver tumors as indicators of human cancer risk. -Several strains

of laboratory mice, including the B6C3IF1 hybrid, appear to develop a high

and variable pxroportion of liver tumors with or without exposure to chemicals.
Certain scientists believe that the increased incidence of mouse liver

tumors should be treated in the same manner as the increased incidence

of tumors at other rodent organ sites, while others believe that mouse

liver tumors are an experimental artifact which is not relevant to human
hazard (EPA 198%).

QUANTTTATIVE DESCRIPTION OF HEALTH EFFECTS :

EPA's Science Advisory Board examined the toxicology of trichloroethylene
and its ranking under the IARC criteria. The majority of the Cammittee
members felt that the campound should be classified in IARC Category 3
(compound cannot be classified as to its carcingenicity in humans), while
one member felt that IARC cateqgory 2B (probable human carcinogen) was

more appropriate. The committee concluded that a definitive scientific
opinion concerning the carcinogenicity of trichloroethylene could not

be made at that time because the interpretation of male mouse hepatocellular
carcinanas is uncertain and the animal evidence is limited (EPA 198%).

EPA's Risk Assessment Forum classified trichlorocethylene in Group B2 (procac.:2
human ca:ci’méen, sufficient animal evidence of carcinogenicity and inadeguacz:
hunan evidence). The National Academy of Sciences has classified it as

an animal carcinogen (EPA 198%). Expressed in tems of relative potency,
trichloroethylene ranks in the lowest quartile among the suspect or known
human carcimgéns evaluated by EPA's Carcinogen Assessment Group (CAG)

(ZPA 198Sa).

1l

CAG derived carcinogenic potencies (qy) of 1. 11072 (mg/kg/day) " for

oral exposure and 4.6x10-3 (mg/kg/day)-l for inhalation exposure, derive:



fran the mouse liver tumor data in the NCI (1976) and NTP (1982) gavage
studies (EPA 1984a).

EPA (1984b) determined a lifetime health advisory based on a study by
Kimmerle and Eben (1973) that reported increased liver weights when cats
were administered 55 ppm trichlorcethylene for 14 weeks. The estimated

excess cancer risk associated with lifetime exposure to drinking water
 containing 260 ug/liter of trichloroethylene is 8.2x107>,

STANDARDS AND CRITERIA

EPA carcinogen classification Group B2

oral carcinogenic potency (qY) 1.1x1072 (mg/kg/day)"lg'
Inhalation carcinogenic potency (qi) 4.6:10'3 (mg/kg/day)-lA
Proposed MCL (EPA 1985¢c) 5 ug/liter

Lifetime Health Advisory 260 ug/liter (for noncar-

cimgen_ic effects only)
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VINYL CHLORIDE

Vinyl chloride and polyvinyl chloride (PVC) are synthetic chemicals used as
starting materials in the rubber, paper, glass, and automotive industries.
They are used in the manufacture of a wide variety of products, including
electrical wire insulation, piping, food packaging materials, medical
supplies, and building and construction products (EPA 1987a).

TOXICOKINETICS

Viny! chloride is rapidly absorbed in rats following ingestion and inhalation
exposure. Dermal absorption of vinyl chloride is minor. Absorbed vinyi
chloride is distributed primarily to the liver and kidney, with lower levels
found in muscle, lung, fat, spleen, and brain . The toxicity of vinyl
chloride appears to be attributable to its metabolism in the liver to reactive
polar metabolites. The metabolism to toxic metabolites is saturable between
105 and 220 ppm. At low doses of vinyl chloride, metabolites are excreted
primarily in the urine. At high doses most of the solvent is expired as
unchanged vinyl chloride (EPA 1980, 1985a,b).

ALITA TION H FECT
CARCINOGENICITY

Occuptional exposure to vinyl chloride has been associated with an increased
incidence of hepatic angiosarcoma. Vinyl chloride exposure has also been
ifmplicated fn brain, lung, and hemolymphopoietic cancers in humans. Animal
studies in several species support the findings of epidemiological studies.
Chronic inhalation and ingestion of vinyl chloride has induced cancer in the
liver (liver angiosarcomas and hepatocellular carcinomas) and in other tissues
in rats and mice (IARC 1979).



MUTAGENICITY

The mutagenic effects of vinyl chloride have been demonstrated in
metabolically activated systems using S. typhimyrium, E. coli, yeast, germ
cells of Drosophila, and Chinese hamster V79 cells. Vinyl chloride was
effective in producing chromosome damage in rat bone marrow after a
multiple-exposure regime. Tests for chromosomal aberrations in humans have
yielded inconsistent results (EPA 1985a). '

TERATOGENICITY/REPRODUCTIVE EFFECTS

Inhalation exposures of rats, rabbits, and mice to vinyl chloride did not
induce teratogenic effects (EPA 1985a). Evidence for an association between
human exposure to vinyl chloride and birth defects or fetal loss is
conflicting (EPA 1987a). Potential effects on reproductive capacity have not
been studied.

ACUTE/CHRONIC EFFECTS

At high inhalation exposure levels, workers have experienced dizziness,
headaches, euphoria, and narcosis. In experimental animals, inhalation
exposure to high levels of vinyl chloride can induce narcosis and death.

Lower doses result in ataxia, narcosis, congestion, and edema of the lungs and
hyperemia in the liver (EPA 1985a).

Chronic inhalation exposure of workers to vinyl chloride is associated with
hepatotoxicity, central nervous system disturbances, pulmonary insufficiency,
cardiovascular toxicity, gastrointestinal toxicity, and acro-osteolysis (EPA
1985a). Chronic studies of experimental animals exposed to vinyl chloride by
inhalation or ingestion report effects involving the liver, spleen, kidneys,
hematopoietic system, and skeletal system (EPA 1984).



ANTITATIV PTION OF H FFECT

Applying EPA's criteria for evaluating the overall weight of evidence of
carcinogenicity to humans, vinyl chloride has been classified in Group
A--Human Carcinogen (EPA 1984).

EPA (1984) reported carcinogenic potency factors (q]f) for exposure by
inhalation and ingestion to vinyl chloride. The q]‘ for inhalation is based
on an inhalation bioassay in rats (Maltoni and Lefemine 1975). Groups of 64
to 96 Sprague-Dawley rats were exposed to various concentrations of vinyl
chloride for 4 hours a day, 5 days a week, for 52 weeks, and the survivors
were sacrificed after 135 weeks. Angiosarcomas, particularly of the liver,
were the predominant tumors observed. The linearized multistage model was
fitted to the incidences of male and female rats with any type of malignant
tumor (6/58, 10/59, 16/69, 22/59, and 32/59 in the 0-, 50-, 250-, 500-, and
2,500 ppm dose groups, respectively. The 6,000- and 10,000-ppm groups were
not included in the final fitted model because the tumor incidence was said to
have effectively plateaued at 51.7% and 62.3%. Using the linear nonthreshold
model, the data of Maltoni and Lefemine (1975), and interspecies scaling
factors, a human g,* of 2.5x1072 (mg/kg/day)’] was calculated.

The q]* for oral exposure to vinyl chloride is based on a long-term

ingestion study in rats (Feron et al. 1981). Groups of male and female Wistar
rats were exposed to vinyl chloride via ingestion of polyvinyl chloride powder
containing some unreacted monomer. The doses of vinyl chloride administered
were 0, 1.7, 5.0, and 14.1 mg/kg/day. Dosing was continued for lifetimes with
terminal sacrifices at 135 weeks for males and at 144 weeks for females. A
significant dose-related increase in the incidence of hepatocellular
carcinomas and hepatic angiosarcomas was observed in both males and females,
with angiosarcomas becoming more prevalent with increasing doses. The
Tinearized multistage model was fitted to the incidences of total female rats
with tumors (2/57, 26/58, 42/59, in the 0-, 1.7-, 5.0~, and 14.1-mg/kg/day
dose groups, respectively). The incidence of hepatocellular carcinoma was not
included in these tallies; it was assumed that rats having hepatoceilular
carcinoma also had hepatic neoplastic nodules which were included in the
tallies. . In addition, the total number of animals bearing tumors in the high



dose group was arbitrarily reduced to one less than the total number of
animals examined, so the data would fit the linear nonthreshold model used for
estimation of carcinogenic potency. Using the data of Feron et al. (1981) and
interspecies scaling factors, a human q1* of 2.3 (mg/kg/day)'1 was
calculated. The concentration in drinking water corresponding to a 10~
excess lifetime cancer risk is 0.015 ug/liter. The EPA Carcinogen Assessment
Group (CAG) is presently reassessing the cancer risk estimate based on the
Feron et al. (1981) study by evaluating the more recent data by Til et al.
(1983) which is an extension of the earlier Feron et al. (1981) work, but
includes lower doses.

6

EPA promulgated a drinking water maximum contaminant level goal (MCLG) of zero
because vinyl chloride is a human carcinogen. A drinking water MCL of
0.002 mg/1iter has also been promulgated (EPA 1987b).

SUMMARY OF VINYL CHLORIDE CRITERIA

EPA carcinogen classification Group A
Oral carcinogenic potency factor (q1*) 2.3 (mg/kg/day)=-!
Inhalation carcinogenic potency factor (qi*) 2.5x10~2 (mg/kg/day)-!
MCLG 0 ug/liter
Final MCL 2 ug/liter
AWQC (10-6 upper-bound excess
lifetime cancer risk) 0 (2 ug/liter)
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STANDARDS AND CRITERIA

EPA carcinogen classification Group D

ADI 0.01 mg/kg/day
Proposed RMCL 70 wg/liter
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INTRODUCTTION

Xylenes are used as solvents for paints, inks, and adhesives and as components
- of detergents and other industrial and household products. Xylene has

three isamers, o, m-, and p-xylene. These three compounds generally have
similar chemical and biological characteristics and therefore will be discussad
together.

PHARMACOKINETICS

Although the available data are limited, inference fram metabolism and |
excretion studies suggests that absorption of orally administered xylene |

is nearly complete. Data fram animals and humans suggest that approximately
60% of an inhaled dose is absorbed. Dermal absorption is reported to ke

ainor following exposure to xylene vapor but may be significant following
contact with the liquid (EPA 198Sa). Elimination of xylenes is through urinarzy
excretion of metabolites and through pulmonary exhalation of unchanged

solvent (EPA 198%0).

QUALITATIVE CESCRIPTION CF HEALTH EFFECTS

CARCINOGENICITY

The National Toxicology Program (NTP) has tested xylene for carcinogenicity
by administering the compound orally to rats and mice. Although the results
have not been finalized, xylene does not appear to be carcinogenic in rats
(EPA 198%b). Resulf: have not been reported for mice.

MUTAGENICITY

Xylene was not found to be mutagenic in a battery of short-term tests (Litton
Jionetics 1978) .



TZRATOGENICITY/REPRODUCT IVE EFFECTS

Xylene appears to be fetotoxic and may increase nalformations in the offspring
of exposed experimental animals. Except for one oral study in mice in

which the incidence of cleft palates was increased, the available teratogenic
studies have reported generally retarded skeletal development and body

weight gains in fetuses (EPA 1983a). |

ACUTE/CHRONIC EFFECTS

Most of the available toxicity data for xylene assesses the adverse effects
associated with exposure by inhalation. Acute exposure to relatively high
concentrations of xylene adwersely affects the central nervous systam and
lungs, and can irritate the mucous membranes. The liver is reportedly [
affected by longer-term exposure to lower levels of xylene (EPA 1984, 1985a) .

QUANTITATIVE DESCRIPTION OF HEALTH EFFECTS

Using the criteria for evaluating the overall weight-of-evidence of carcino-
genicity to humans proposed by EPA's Carcinogen Assessment Group (EPA 1986) ,
xylene is most appropriately assigned to Group D--Not Classified because

of inadequate data fram animal studies,

The EPA Office of Drinking Water proposed a recommended maximum contaminant
level (RMCL) of 0.44 mg/liter based on an inhalation study in rats, guinea
pigs, monkays, and dogs (Jenkins et al. 1970). The experimental animals
were exposed cohtinuwously for 90 days at a dose level of 337 mg/m3. No
significant effects were observed with respect to body weight, hematology,
and histopathological examination of treated animals. Using 337 mg/m>

as the no-observed-adverse-effect level (NOAEL), an uncertainty factor

of 1,000 for an animal study with few animals per dose level, and assuming
consumption of 2 liters of water per day, a provisional adjusted acceptable
daily intake of 2.2 mg/liter was calculated. The proposed RMCL was derived
fram this value by assuming a 20% drinking water contribution to total
exposure (EPA 1985a,c).



EPA's Office of Drinking Water also drafted short-term assessments for
xylene. One-day and longer-term health advisories of 42 mg/liter and 27.3
mg/liter were recammended. The one-day value was based on a NOAEL identilfiad
in a single-exposure inhalation study in humans, and the longer-term value
was based on a NOAEL identified in a subchronic inhalation study in experi-
nental animals (EPA 19835a).

The EPA (1984) health effects assessment for xylene derived oral subchronic
acceptable intake (AIS) and chronic acceptable intake (AIC) values of 0.1
mg/kg/day and 0.0l mg/kg/day, respectively, based on a subchronic dietary
exposure study in rats (Bowers et al. 1982). Groups of five male Long-
Evans rats received approximately 10 mg/kg/day o-xylene in the diet for

1, 2, 3, or 6 months. No gross or light microscopic effects were observed.
However, ultrastructural changes in liver morphology, which the EPA did
not consider to be toxicologically significant, were noted. The exposure 5
dose of 10 mg/kg/day was thus identified as the NOAEL and, incorporating
an uncertainty factor of 100, the AIS for xylene was calculated. The AIC
was derived by incorporating an additional uncertainty factor of 10. 3ased
on available information, EPA assumed that until more experimental data
become available it may be appropriate to apply the AIS and AIC derived
fram the o-xylene study to mixed xylenes and m—-xylene, but not to p-xylene.

ZPA (1984) derived an inhalation AIS based on a study in female Charles
River CD rats exposed to mixed xylenes at 433 or 1,733 mg/m3 on days 6
through 15 of gestation, 6 hours/day (Litton Bionetics 1978 as reported
in EPA 1984). An increased number of fetuses, but not litters, with skeletal
abnormalities was observed in the high dose group. The lower exposure

concentration clearly defined a no-observed-effect level (NCEL) of 69 mg/x3, ia..

The NCEL was divided by an uncertainty factor of 100 to give an AIS of
0.69 mg/kg/day. Carpenter et al. (1975) defined an inhalation NCEL of
398 mg/kg for mixed xylenes in a subchronic inhalation study in rats.
Applying an uncerainty factor of 1,000, EPA recommended an inhalation AIC
of 0.398 mg/kg/day.



The American Conference of Govermmental Industrial Hyéienists (ACGIH 1986)
has recommended a time-weighted average threshold limit value (TLV) of

100 pmm (approximately 435 mg/m3) for occupational exposure to xylene.

It is believed that at this concentration, irritant effects will be minaimal.

SUMMARY CF XYLENE CRITERIA

PA carcinogen classification Group D

One-day HA 42 mg/liter

Longer-term HA 27.3 mg/liter

©PA Proposed RMCL _ 0.44 mg/liter

EPA Health Effects Assessment '
Oral AIS 0.1 mg/kg/day
Oral AIC 0.01 mg/kg/day
Inhalation AIS : , 0.69 mg/kg/day .
Inhalation AIC 0.398 mg/kg/day :
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2INC

INTRODUCTION

zinc (zn) i3 a silvery metal of low to intermediate nardness, atamic aumbsr 30
and atomic weight 65.38 g/mole. Primary uses of zinc in industry are as
2 component of dry cells and other batteries, in electrogalvanizing, and

" as alloys. 2inc campounds are used therapeutically as topical astringents,

antidandruff products, antiseptics, and emetics.

QUALITATIVE DESCRIPTION JF HEALTH EFFECTS

Zinc is an essential element, and it is present in a number of metalloenzymes,
including carbonic anhydrase carboxypeptidase, alcohol dehydrogenase, glutamic
Jehydrogenase, lactic dehydrogenase, and alkaline phosphatase (Vallee 1935_

as citad by Jammond and 3eliles 1980). 2inc is necessary for normal growth
and development. 3Juman dwarfism and a lack of sexual development have

oceen related to Zn deficiency (Halsted et al. 1974 as cited by Hammond

and Seliles 1980).

There is no evidence that zinc is carcinogenic. Studies which have Seen
performed on zinc-containing organics failed to demonstrate teratogenic
effects (Stokinger- 1981).

Zinc salts of strong acids are astringent and corrosive. Upon iagestion
they act as emetics, and they can cause symptams of fever, nausea, vomiting,
stamach cramps and diarrhea.

Zinc chloride is caustic and causes severa and occasionally fatal irritation
of the epithelium lining the trachea and bronchi. Acute interstitial £ibrosis
of the lung occurred in one fatal case following inhalation of ch12 smoke
fram a smoke generator (Milliken et al. 1363).

Zhronic administration of 0.5-34.4 mg zinc oxide per day for periods of
1 month to 1 year failed to produce signs of toxicity in rats



(Orinker et al. 1927 as cited by Stokinger 1981). In another study, 0.1%
zinc was tolerated in the diet of rats, but more than 0.5% zinc reduced
their capacity to reproduce, and 1% inhibitad growth and caused sevars
anemia and death (Sutton and Nelson 1937 as cited by Stokinger 1981).

Zinc oxide has been ‘implicated as the cause of -metal fume fever in industrial
situations. Typically, brass foundry workers exposed to fumes containing
zinc experience an unusual metallic taste which is accompanied by drmess

and irritation of the throat, with coughing and dyspnea, weakness, pains

in the muscles and joints, and a high fever which is followed by profuse
sweating. Recovery occurs within 24-48 hours after an attack provided
exposure is discontinued. Gastrointestinal disturbances and localized
dermatitis may also occur after exposure to zinc oxide.

SUANTITATIVE DESCRIPTION (F HEALTH EFFECTS

L.

EPA (1984) derived an inhalation reference dose for zinc of 0.7 mg/day

hased on the American Conference of Govermmental Industrial Hygienists

(ACGIH 1980) recammended tine-weighted avarage Threshold Limit Value (TLV)

for zinc chloride of 1 mg/m3. This TLV was adjusted to account for differances
in the likely exposure of worker and nonoccupationally-exposed individuals,

and was divided by an uncertainty factor of 10 to protact individuals in

the general population who might be especially sensitive to the chemical

agent. Dividing this reference dose of 0.7 mg/day by the breathing rate

of the average person (20 m3/day) gives a reference concentration for zinc

in air of 35 ug/m3.

An oral raference dose of 14.9 mg/day (0.2l mg/kg/day) was derived by EPA
(1984) based on the occurrence of anemia and reduced blood copper in same
patients receiving therapeutic doses of approximately 150 mg/day zinc fer
axtended periocds of time. A safety factor of 10 was used to protect sensitive
individuals.
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APPENDIX PHE-3

ESTIMATED SOIL INGESTION RATES FOR USE IN RISK ASSESSMENTS

SURMARY

Asses3ing the risks to human health posed by contaminants present in soil
often requires same information on likely soil ingestion rates. Several
authors have attempted'to estimate these rates, hut their estimates wers
based primarily on limited information about the amount of soil that people
get on their hands and assumptions about mouthing behavior. However, same
empirical data on soil ingestion rates have recently became available.

These data can be used to derive more accurata estimates of soil ingestion
rates for use in risk assessments. BEstimates of the most probable soil
ingestion rates range fram 20 to 100 mg/day, depending on the age of the
individual at risk. Realistic worst-case estimates unlikely to underestim;te
exposure range fram 100 to 500 mg/day. A value of 5,000 mg/day is considered
a reasonable worst-case estimate for children with habitual pica.

Exposur2 is a function of both the quantity of contaminants with which

one cames into contact and the duration of that contact. Therefore, the
frequency of exposure is also important in detemining annual exposure
rates and, consequently, the riszks posed by contaminated soil. This factor
can only be assessed on a site-specific basis. For sites where residential
areas are contaminated, exposure should be considered to be year-round.

Of course, people in warmmer climates will spend more time outdoors and
will be expogsed to larger amounts of soil than people in areas that are
covered with snow for much of the year. These factors should be considered
at least qualitatively in assessing exposure. In situations where contact
with contaminated soil is likely to be infrequent, the exposure frequency
should he estimated.



INTRODUCTION

Scientists attempting to evaluate the risks posed by contamination at a
hazardous waste site must generally examine several routes of exposure.
Those usually considered of most concern are:

o Ingestion of contaminated drinking water,
o Ingestion of contaminated fish and shellfish, and
o Inhalation of airborne contaminants.

These are probably the most significant routes of exposure to chemicals
that are mobile in the enviromment. However, exposure via other routes

may pose significant risks, particularly for contaminants that are quite
toxic but not very mobile (e.g., polychlorinated biphenyls (PCBs), tetra-
chlorodibenzo~ p~dioxin (TCDD), and same heavy metals). Exposure parameter.:s
such as liters of water consumed per day or cubic meters of air breathed
per day have been fairly well defined for the more common routes of exposure.
However, only limited work has been done to estimate these parameters for
other pathways. This paper will address a potentially significant route

- of exposure to relatively immobile hazardous materials in contaminated

soil, namely, ingestion.

PREVIOUS ESTIMATES (F SOIL INGESTION RATES

Exposure to contaminants via ingestion of soi].l can occur by inadvertent

consumption of soil on the hands or food items, mouthing behavior, consump-
tion of nonfood items (pi.caz) » or a canbination of these routes. Several
authors have attempted to quantify the amount of soil ingested by children.
A review of these studies provides the information needed to derive a rea-
sonable upper limit and a most probable estimate of soil ingestion rates
for children and adults.

]‘Although several authors distinguish between soil and dust in their assess-
ments, the data do not appear to be camplete enough to allow this type

of differentiation. 1In addition, soil commonly makes up a major portion
of indoor dust (Hawley, 1985). Consequently, the term "soil" will be

used in this discussion to refer to soil and dust combined.

2:-uae pottom of next page.



Lepow et al. (1974, 1975) measured the amount of dirt that could be removed
fram children's hands using an adhesive label and observed the frequency
with which children mouthed nonfood objects and their hands. The average
age of the children was 4.3 years. The authors measured an average of

11 mg of soil on the children's hands. They observed that a reasonable
estimate of -mouthing-frequency is 10 times per day but that this value

may underestimate the number of times children put their hands or nonfood
objects into their mouths. They concluded that 100 mg/day was a rz2asonable
estimate of the amount of soil ingested by children. They also performed
several calculations using 250 mg as the amount of soil children ingest,
apparently as an upper limit estimate.

Day et al. (1975) estimated that children playing outdoors could collect

between 5 and 50 mg of soil on a sticky sweet. They estimated that children
eat 2 to 20 sweets per 'day, which would lead to the ingestion of between i
10 and 1,000 mg/day of soil. |

Duggan and Williams (1977) attempted to determine the amount of street

dust that urban children ingest daily. The authors estimated the amount

of dust that was retained on the inside of the forefinger and thumb by
rubbing a specified amount of dust between the fingers and reweighing the
dust that was not retained. They ran several tests on different pecple

and determined that about 4 mg (2 mg per finger) were retained. The authors
then assumed that a child would suck his or her forefinger or thumb 10

times per day and concluded that 20 mg was a reasonable estimate of the
amount of dust ingested daily. Duggan and Williams, (1977) also cited

the estimates of Day et al. (1975) and Lepow et al. (1974) and a value

ZI‘he term "pica®" refers to both normal mouthing with subsequent ingestion
of nonfood items, which is quite common among children at certain ages,
and the unnatural craving for and habitual ingestion of nonfood itams.

The latter is an uncammon condition that is generally associated with
medical conditions such ag malnutrition, certain neurobehavioral disorders,
and iron deficiency anemia or, less often, with a particular cultural
background. The term "habitual pica" will be used in this paper to refor
to this unusual type of ingestion of nonfood items. The term "pica"™ will
be used for the normal ingestion of nonfood itams common in children at
certain ages.



from 3ryce-Smith (1974 as cited in Duggan and Williams 1977) of one-thirtieth
of a gram (derivation unspecified). They concluded that children probably
ingest between 10 and 100 mg of street dust per day and estimated that

the average daily ingestion rate is 25 mg.

~Mahatfey (1977) examined ‘sources of lead to which children might te exposed.
She reported that the best clinical estimates indicate that children with
pica (nonhabitual) are likely to ingest between 1,000 and 3,000 mg of paint
per week. Assuming that similar amounts of soil are ingested, a child
with pica would ingest between 140 and 430 mg of soil per day.

Schaun (1984) also estimated the amount of soil that children are likely
to ingest. He cited the Lepow et al. (1975) estimate (100 mg/day) and
also reported that habitual pica oould increase ingestion levels to as .
much as 5,000 mg/day (Chisolm, 1982 as cited in Schaum, 1984). He deter- |
mined that a range of 100 to 5,000 mg/day was raasonable for use in risk '
assessments.

Kimbrough et al. (1984) estimated age-specific levels of soil ingestion
that the authors felt were reasonable yet unlikely to underestimate exposure
(Table 1) . These estimates were reportedly based on a study of lead uptake
fran contaminated soils.

Hawley (1985) estimated outdoor soil and indoor dust ingestion rates for
three age groups: young children (2.5 years old), older children (6 years
old), and adults. He based his soil ingestion estimate for very young
children on Lepow et al.'s (1975) calculations of the maximum soil intake
(250 mg/day) , and his other soil and dust ingestion estimates on assumptions
about the amount of s0il or dust likely to collect on the hands and subse-
quently be ingested. Hawley's (1985) values for daily soil and dust inges-
tion are presented in Table 2; his average daily ingestion rates for soil
and dust combined are also reported.



TABLE 1

SOIL INGESTION 3Y AGE AS ESTIMATED 3Y

KIMBROUGH ET AL. 1984
(mg/day)
Age Level
0-9 months 0
9~-18 months 1,000
1.5-3.5 years 10,000
3.5-5 years 1,000
Over S years 100

e,y



TABLE 2

SOIL AND DUST CONTACT RATES AS ESTIMATED B3Y MAWLEY 1985

Age Irgestion
Exposure Rate Frequency of
Route Mediun  (mg/day) Exposure Canments
2.5 year old
Outdoors Soil 250 5 days/wk Based on Lepow et
(May-Oct.) for 5 years al. {1975) study
Indoors Dust 50 Daily for Assumes ingestion
(May-Oct.) 6 months of dust on inside
of hards
Indoors Dust 100 Daily for
(Now .~-Apr.) 6 months
Total Soil 164 Daily
and dust
6 year old
Outdoors Soil 50 Daily for Assumes ingestion
(May-Sept.) 5 months of half the dirt
on fingers '
Indoors Dust 3 Daily Assumes ingestion
of dust on inside
of hands
Total Soil 24 Daily
and dust
Adult
outdoors Soil 480 2 days/week Assumes ingestion
(May-Sept.) for S months of dirt while
smoking
Attics Dust 110 12 times/ Assumes ingestion
year of dirt on surface
of hands while in
: dusty attic
Living space Dust 0.56 Daily
Total Soil 61 Daily
and dust

L,



The first empirical data on soil ingestion rates were recently collected
by Binder et al. (1985), who measured soil ingestion by children 1 to 3
years old using a method previously employed to measure soil ingestion

by runinants. The trace elements silicon, aluminum, and titanium, all

of which are present at high concentrations in soil and none of which are
-absorbed by humans, -were measured in the soil -and in stool samples fram

59 children 1 to 3 years old. The concentrations of the elements in the
soil and in daily fecal samples were then campared to estimate daily soil
ingestion. The authors used several assumptions in their calculations.

Two of these, that dietary intake of the elements was negligible and that
fecal weight was 15 g (and not the 7 3 they measured) would lead to an
overestimation of soil ingestion rates, possibly by a significant amount.
Their assumption that the elements were entirely unabsorbed might lead

to a slight underestimation of exposure. They attempted to determine the
likely qualitative effects of each of these éssunptions but could not esti-
mate the magnitude of any potential effect. A

The aritimetic means of the soil ingestion levels that were estimated using
two of the elements, siliocon and aluminum, were in general agreement (184
vs. 181 mg/day), while the mean value reported for titanium (1,834 mg/day)
was an order of magnitude higher (Table 3). It appears likely that scame
other source of titanium in the diet was responsible for the high mean
value. Therefore, the values reported for silicon and aluminum-—approxi-
mately 180 mg/day——are probably more accurate. As noted abowve, the effect
of the various assumptions on the reported values has not been Qquantified.
However, it seems likely that the values overestimate soil consumption

by the average child.

ESTIMATION OF SOIL INGESTION RATES

Soil ingestion can occur at any age but is most prevalent in young children.
Baltrop (1966 as cited in Mahaffey, 1977) reported that over 75% of children
1 to 3 years old mouthed objects and that 35% ingested them. The author
also noted that the prevalence of these activities decreased with age;

only 33% of children 4 to 5 years old mouthed objects, and only 6% had pica.



TABLE 3

SOIL INGESTION BY CHILDREN 1 TO 3 YEARS OLD AS
ESTIMATED BY 3INDER ET AL. 1985

(mg/day)
Estimation Arithmetic Geqmetric Standard Upper 9Sth
Method Mean Mean Deviation Percentile
Aluminum 181 128 203 534
Silicon 184 130 175 578
Titanium 1,834 401 3,091 9,590

3In other words, elements upon which estimates are hased.

SOURCE: Binder et al., 1985



Mahaffey (1977) further reported that other estimates indicate that approximatal:
one-half of all children 1 to 3 years old have pica. Mahaffey and Annest

(1985) reported that pica is most prevalent in childran 6 months to 3 years

old, and it is significantly more cammon in children fram lower incame

families.

The estimates of soil ingestion lewvels reported in previous studies are
summarized in Table 4. Reasonable estimates of soil ingestion by chil-
dren can be derived fram this information. To ensure that risk assessments
2ased on these estimates do not underestimate risk, we will also calculate
upper confidence levels.

The Binder et al. (1985) study is the only paper that presents clearly
empirical data. Therefore, it is appropriate to use this study as the

. bagis for estimating soil ingestion levels. The authors reported an averag:e
intake of 180 mg/day of soil (after excluding the results based on titanium
levels) for children 1 to 3 years old. The standard deviation was approx-
imately 200 mg/day, and the 95th percentile upper confidence limit was

530 mg/day. Binder and her <olleagues assumed that none of the elements
came from the normal diet, which, as mentioned above, is likely to lead

to an overestimation of the amount of soil ingested. Consequently, a value
of 500 mg/day, which is around the 95th percentile upper confidence limit

of the arithmetic mean values reported, would appear to be a Conservative
yet reasonable estimate of soil ingestion for children 1 to 3 years old.

aAs noted above, older children are less likely to exhibit pica. Howevar,
Lepow et al. (1974, 197S) observed children 2 to 6 years old mouthing objects,
and it is probably reasonable to use this value of 500 mg/day as a worst-
case estimate of soil ingestion for children 1 to 6 years old. A value

of 100 mg/day, which is near the geametric mean of Binder et al.'s (1985)
data, appears to be a reasonable estimate of the most probable ingestion
rates.

Children less than 1 year old are not likely to came into direct contact
with soil regularly. However, very young children may be exposed to con-
taminated house dust. No specific information is available on ingestion



TABLE 4

ESTIMATED LEVELS OF SOIL INGESTION

REPORTED IN THE LITERATURE

(mg/day)
Reference Age Level Canments
Lepow et al., - 4.3 years 100 Based on observations
1974, 1975 (mean) of mouthing behavior;
(see text)
Day et al., 1975 Children 10-1,000 Based on ingestion
1-3 years of soil on candy
Duggan and Children 25 See text
Williams, 1977 2-6 years
Mahaffey, 1977 1-3 years 140-430 Based on estimate ofi
paint consumption by
children with pica
Schaum, 1984 2-6 years 100-5,000 See text
Rimbrough et al., 0-9 months 0 Based on study of
1384 9-138 months 1,000 lead exposurz2; prob-
1.5-3.5 years 10,000 ably overestimates
3.5=5 years 1,000 risk
QOver S years 100
Hawley, 1985 2.5 years 164 Based on estimated
6 years 24 ingestion of both
Adults 61 and dust; see text
Binder et al., 1-3 years 180+200 Based on measurement

1985

of trace elaments;
see text
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of dust by children in this age group, and we suggest a value of half the
previous value, or 250 mg/day, as a reasonable, worst-case estimate

of ingestion levels. Similarly, 50 mg/day is probably a reasonable estimata2
of the most probable ingestion rate for children in this age group.

No empirical information on older children was available. Mahaffey (1977)
reported that mouthing decreased in most children more than 4 years old.
It seems reasonable to assume that almost all children 6 to 1l years old
would have reduced their soil ingestion by at least 50%. Consequently,
we suggest that 250 mg/day is a worst-case estimate and 50 mg/day, a most
probable case estimate of soil ingestion by children in this age group.

For children more than 1l years old and adults, the value of 100 mg/day
recanmended by Kimbrough et al. (1984) appears to be a reasonable, worst-
case estimate of daily soil ingestion. Based on Hawley's (1985) assunptioris,
50 mg/day appears to be a reascnable estimate of the most pgrobable ingestid‘n
rate for people who have frequent hand-to-mouth contact (e.g., smokers)

or who are in direct contact with contaminated soil (e.3., construction
workers, gardeners). A value of 20 mg/day appears to be a reasonable esti-
mate of the most probable soil ingestion rates for adults who are not smokers
and do not regularly engage in outdoor activities.

A3 noted earlier, certain individuals exhibit pica habitually, i.e., they
eat nonfood items regularly, even daily. The values for soil ingestion
reported above may underestimate exposure for people exhibiting this type
of behavior. The upper limit on soil ingestion of 5,000 mg/day recammended
by Schaum (1984) probably is a reasonable, worst-case estimate of soil
ingestion by a person with habitual pica.

Our estimates of s0il ingestion by persons in different age groups are
presented in Table 5. These values fall within the range of soil inges-
tion levels suggested by Schaum (1984) but are generally lower than the
values presented by Kimbrough et al. (1984). However, ‘i.t should be noted
that these estimates are in general agreement with the estimated levels
of soil ingestion preseﬁted in Table 4. Consequently, we feel that these

11



TA3LE 5
ESTIMATES OF SOIL INGESTION RATES

Average 5 Most Probable
Weight? Worst Case Case
Age (kg) (mg/day) (mg/day)
0-1 years 10 250 50
1-6 years 15 500 100
6-11 years 30 250 50
Over 1l years 79 100 50

2epa, 1985

BMis does not include individuals who exhibit habitual pica.
For them, the upper value presented in Schaum (1984) of 5,000
mg/day would be more appropriate.

€A value of 20 mg/day is probably a more reasonable estimate

of soil ingestion rates for adults who do not exhibit frequent
hand~-to~mouth activity (e.g., most nonsmokers) and do not regu-~
larly engage in outdoor activities.

12
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values are reasonable estimates that are unlikely to underestimate soil
ingestion levels. Therefore, they are unlikely to lead to any underasti-
mation of exposure via this route.

ZSTIMATION OF EXPOSURE FREQUENCY

Several authors estimated the frequency of exposure to soil. Kimbrough

et al. (1984) assumed that people would only came into contact and ingest
soil for 6 months each year. Schaum (1984) noted that the ground is frozen
for an average of 118 days/year in the coldest parts of the United 3tates,
while in other parts, people can caome into contact with outdoor soil year-
round. He therefore determined that exposure could occur for anywhere
cetween 247 and 365 Jdays/year. Hawley (1985) noted that people ara likely
to be exposed year-round to soil, both outdoors as soil and indoors as )
a major component of dust. Consequently, a reasonable, worst-case assumpti“‘on
appears to be that people came into contact with and ingest soil year-round.

Clearly, site-specific factors should be considered if in estimating likely
contact and ingestion rates. It usually is not possible to determine the
effect of these factors on the rates of exposure to soil quantitatively.
However, any site-specific factors (such as climate) likely to affect the
frequency of exposure should be addressed qualitatively.

This discussion of exposure frequency only applies to inhabitants of contaminated
residential areas or to people living immediately adjacent to a source

of contamination. In the case of people (children or adults) who infrequently
use a contaminated area, a site-specific estimate of the fraquency of exposure
must be derived.’

CONCLUSTON

No single value will accurately reflect daily soil ingestion rates for
all individuals. Too many factors can influence contact with soil and
consequently affect the quantity of soil ingested. However, risk mana-
gers often need to estimate average soil ingestion rates in order to assess



cotential exposure to soil-bound contaminants. The values for soil ingestion
rates presented in this paper have been derived using the best information
currently available. As such, they provide reasonable, yet conservative
(unlikely to underestimate exposure), estimates for use in the risk assess-

ment process.

L. 8
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